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1 

PLASTICALLY DEFORMING AND RADIALLY EXPANDING AN EXPANDABLE 

TUBULAR MEMBER 

This Invention relates generally to plastically deforming and radially e)q)andlng 
an expandat)ie tubular member. 
5 Background of the Invention 

Conventlonafly, when a wellbore is created, a number of casings are installed in 
the borehole to prevent collapse of the borehole wall and to prevent undesired outflow 
of drilling ihiid into the formation or Inflow of fluid from the fbnnatlon Into the borehole. 
The borehole is drilled In intervals whereby a casing wirhlch is to be Installed in a lower 

10 borehole Interval Is towered through a previously Installed casing of an upper borehole 
Interval. As a oonsequenoe of this procedure the casing of the lower interval Is of 
smaller diameter than the casing of the upper intenrari. Thus, the casbtgs are In a 
nested anangement wHh casing diameters decreasing in downward directton. Cement 
annull are provided between the outer surfiaoes of the casings and the borehole wall to 

15 seal the casings from the borehole wall. As a consequence of this nested anangement 
a relatively large borehole diameter is required at the upper part of the wellbare. Such 
a large borehole diameter Involves Increased costs due to heavy casing handling 
equipment, large drill bits and increased volumes of drilling fluid and drill cutHr^s. 
Moreover, increased drilling rig time is Involved due to required cement pumping, 

20 cement hardening, required equipment changes due to large variations in hole 

diameterB drilled in the course of the well, and the large volume of cuttings drilled and 
removed. 

The present inventton is directed to overcontfng one or more of the limitations of 
the existing procedures for fonrtng new sections of casing In a wellbore. 
^ Summwy of the Invontlon 

According to the present invention there is provided a method of plastically 
defbnning and rediaHy expandbig an expandable tubular member using an apparatus 
comprising a tubular support member, an a(«ustabie expansion device movaWy 
couplod to the tubular support member, and an actuator movably coupled to the tubular 
30 support member for adjusting the adjustable expansion devkse. comprising: 

coupling a first end of the expandable tubuler member to a tubular structure; 
inserting the apparatus Into the first end of the expandable tubular member in a 
first cSreclion; 

displacing the ectuator of the apparatus in a second direction opposite to the 

35 first direction; 

applying a resilient biasing foroe to ttie adjust able expansion dBvi«> in Hi« 
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second direction; 

moving the actuator and the adjustable expansion device of the apparatus out 
of a second end of the expmdalrie tubular member; 

reinserting the actuator of the apparatus Into the second end of the expandable 
5 tubular member In the second direction; 

increasing the outside dameter of the a0iu8table expansion device by 
displacing the actuator and the adjustable expansion device relative to the expandable 
tubular member in the first dirscHon; and 

plastically defomrting and radially expanding the mpandable tubular member by 
10 moving the adjustable expansion device through the expandable tubular member in the 
second dfrecHon. . 

Preferably, displacing the actuator of the apparatus in the second direction 
comprises: 

impacting the actuator with the first end of the expandable tubular member. 
15 Preferably, displadng the actuator and the acQustaUe expansion device rdative 

to the expandable tubular member in the first direction comprises: 

impacting the actuator with the second end of the expandable tubular member. 
Preferably, moving the adjustable expansbn device through the expandable 
tubular member comprises: 
20 pulling the adjustable expansion device through the expandable tubular member. 

Preferably, the method further comprises: 

fluididy sealing the interface between the tubular support member of the 
apparatus and the expandable tubular member; 

wherein moving the adjustable expmsion device through the expandable tubular 
25 member comprises: 

injecting a pressurized fluid into the tubular support nnember. 
According to another aspect of the present invention there is prodded an 
apparatus for plastically deforming and radially expanding an expandable tubular 
member, comprising: 
30 a tubular support member; 

an adgustabie expansion device movably coupled to the tubular support memben 
actuating means for actuating the adjustable expansion device; 
means for displacing the actuating mear^ of the apparatus in a first direction; 
means for applying a resilient blas^g force to the ad|ustable expansion device 
35 when the actuating means is displaced in the first direction; 



means for increasing the outside diameter of the adjustable expansion device by 
displacing the actuating means and the adjustable expansion device relative to the 
expandable tubular member in a second direction opposite to the first direction. 

Preferably, the means for displacing the actuating means of the apparatus in the 
first direction comprises: 

means for impacting the actuating means. 

Preferably, the means for displacing the actuating means and the adjustable 
expansion device relative to the expandable tubular member In the second direction 
comprises: 

means for Impacting the actuating means. 

Brier Description of the Drmvings 
Rgs. 1 and 1a-1d are finagmentary cross-seetlonal views of an embodiment of 
the placement of an apparatus for radially expanding a tubular member within a tubular 
member within a borehole within a subterranean formation. 

Rg. 1e Is a cross-sectional view of an embodiment of the expansion cone 
support body of the apparatus of Figs. 1 and la-Id. 

Fig. 1 f is a cross-sectional view of the expansion cone support body of Fig. 1e. 
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Fig. 1g is a side view of an embodiment of an expansion cone segment for use 
in the apparatus of Figs. 1 and 1a-1d. 

Fig. 1h is a front view of the expansion cone segment of Fig. 1g. 

Fig. lils a top view of the expansion cone segment of Fig. 1g. 
5 Fig. 1j is a top view of an emtxxliment of interioddng expansion cone segments 

for use in the apparatw of Figs. 1 and la-Id. 

Fig. Ik is a top fragmentary drcumferential view of an eml>odlment of the 
coupling arrangement between the expansion cone segmmts and the split ring collar 
for use in the apparati^ of Figs. 1 and la-Id. 
10 Hgs. 11 and 1m are top schematic views of an embodiment of the coupling 

between the J-stots of the drag blodca and the lugs of the tubular support member of 
the apparatus of Figs. 1 and la-Id. 

Figs. 2 and 2a-2d are fragmentary cross-sectional illustrations of the apparatus 
of Figs. 1 and la-Id during the radial expansion of the tubular member within the 
1 5 borehole within the subterran^n fomiation. 

Rgs. 2e and 2f are Illustrations of an embodiment of the J-slots of tlie drag 
blocks and the lugs of the tubular support member of the apparatus of Figs. 2 and 2a- 
2d, 

Figs. 2g and 2h are Blustrations of an alternative embodiment of the J-slots of 
20 the drag blocks and the lugs of the tubular support member of the apparatus of Figs. 2 
and2a-2d. 

Rgs. 3 and 3a-3c are fragnrtentary cross-sectional Illustrations of an 
embodiment of the placement of an apparatus for radially expanding a tubular member 
within a wellbore casing within a subtenranean formatton. 
25 Fig. 3d is a cross^secttonai view of an embodlmerrt of the expansion cone 

support body of the apparatus of Figs. 3 and 3a«3a 

Fig. 3e Is a ooss-secltonal view of the expanskm cone support body of Rg. 3d. 

Fig. 3f Is a sMe view of an embodiment of an expansion cone segment for use 
m the apparatus of Figs. 3 and 3a-3& 
30 Fig. 3g is a front view of the expansion cone sespnent of F^. 3f. 

Fig . 3h is a top view of the expanskMi cone segment of Fig. 3f . 

Fig. 31 Is a top view of an embodiment of Intertocking expansion cone segments 
for use in the apparatus of Figs. 3 and 3a-3a 

Fig. 3J is a top fragmentary droumferentidl view of an embodiment of the 
35 couplir^ arrangement between the expansk>n cone segments and the split ring coOar 
for use In the apparatus of Figs. 3 and 3a-3c. 
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Figs. 4 and 4a-4d are fragmentafy cross-sectional Illustrations of an 
emtKJdiment of the placeinent of the apparatus of Rgs. 3 arxJ Including an 
expandable tutHJlar member within an expandable tubular member witWn a 
subterranean fbnnation. 

Figs. 5 and 5a-5d are fragmentary crose-sectlonal illustrations of an 
embodbnenl of the operation of the apparatus of Figs. 4 and 4a-4d during the radial 
expansion of the expandable tubular member within the borehole wHhln the 
subterranean formation. 

Rgs. 6 and 6a-6d are fragmentary cross-sectional Illustrations of an 
embodiment of the placement of an apparatus for radially expanding a tubular member 
within a borehole within a subtenanean fbrmatloa 

Rg. 6e is a crosfrseclional view of an embodiment of the expansion oone 
support body of the apparatus of Rgs. 6 and 6a-6d. 

Fig. 6f is a crosfr-sedlonal view of the expansion cone support body of Rg. 6e. 
Rg. 6g is a side view of an embodiment of an expansion oone segment for use 
In the apparatus of Figs. 6 and 6a-6d. 

Rg. 6h is a front view of the expansion cone segment of Rg. 6g. 
Fig. 61 is a top view of the expansion cone segment of Rg. eg. 
Fig. 6J is a top view of an embodiment of interloddng expansion oone segments 
20 for use In the apparatus of Rgs. 6 and 6a^d. 

Fig. 6k is a top fragmentary drcumferentlal view of an embodiment of the 
coupling arrangement between the expansion oone segments and the split ring collar 
for use in the apparatus of Figs. 6 and 6a^. 

Figs. 7 and 7a-7c are fragmentary cross-sectlonal iiiustraUons of an 
embodiment of the piaoement of the apparatus of Rgs. 6 and 6a^ including an 
expandable tubular member within a borehole within a subterranean fomwHon. 

Figs. 8 and 8a-8d are ftagmentary cross-sectional IDustiattons of an 
embodiment of the opeiation of the apparatus of Rgs. 7 and 7a.7d during the radial 
expanston of the expandable tubular member withh a borehole witMn a subterranean 
30 fomnation. 

Rg. 0 is a f^mentary cross sedtonal llluslratton of an embodiment of an 
expansion oone assembly In an unexparKted posltian. 

Fig. 9a is a cross sectional illustration of the expansion oone assembly of Fig. 9. 

Fig. 10 Is a fragmentary cross sectional illustratibn of the expansion oone 
35 assembly of Rg. 9 man expanded position. 
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F^. 10a is a cross sectional illustiation of the expareion cone assembly of Fig. 

10. 

Fig, 11 Is a fragmentary cross sectional Illustration of an emt)odlment of an 
expanaon cone assembly in an unexpanded position. 
S Fig. 1 la Is a cross sectional Illustration of the expansion cone assembly of Fig. 

11. 

Fig. 12 is a fregmentaiy cross sectionai illustration of the expansion cone 
assembly of Fig. 11 in an expanded position. 

Fig. 12a Is a cross sectional Mustratton of the expansion cone assembly of Fig. 

10 12. 

Fig. 1 3 Is a fragmentary cross sectionai Illustration of an embodiment of an 
expansion cone assembly in an unexpanded position. 

Fig. 1 3a is a cross sectional illustiation of the expansion cone assembly of Fig. 

13. 

Rg. 13b is a fragmentary top drcumferentteJ iliustFBtlon of the expansion cone 
segment assembly of Fig. 1 3 that illustrates the interteaved sets <rf collets. 

Fig. 13c Is a fragmentary cross sectional WustratkMi of the interleaved octets of 
Fig. 13b. 

Rg. 14 is a fragmentary cross sectional iiiustration of the expansion cone 
assembly of Fig. 13 in an expanded position. 

Fig. 14a Is a cross sectional illustration of the expansion cone assembly of Fig. 

14. 

Figs. 15 and 15a-15c are ftBgmentary cross-secUoral Illustrations of an 
embodiment of the plaoement of an apparatus for radially expanding a tubular member 
within a borehole within a subterranean tbrmatlon. 

Fig. 15d is a croes^ectionai view of an embodiment of the expansion cone 
support body of the apparatus of Figs. ISand 15a-15e. 

Fig. 15e is a crose-sectional view of the expansion cone support body of Fig. 

ISd. 

Fig. 15f is a side view of an embodfanent of an expansion cone segment for use 
In the apparatus of Figs. 15 and 15a-1S& 

Fig. 15g is a front view of the expansion cone segment of Fig. 15f. 
Rg. 15h is a top view of the expansion cone segment of Fig. 15f. 
Rg. 151 Is a top view of an embodiment of Interlocking expansion cone 
segments for use in the apparatus of Figs. 15 and 1Sa-15a 



Rg. 15j Is a top fragmentaiy drcumferential view of an embodiment of the 
coupling arrangement between tfie expansbn cone segments and the spfit ring collar 
for use in the apparatus of Figs. 15 and 15a-1 5c. 

F^. 16 and 16a>16c are fragmentary aoss-«ectjonal Illustrations of an 
embodiment of the placement of the apparatus of Figs. 15 and I5a-I5j induding an 
expandable tubular member within a borehole within a subterranean fbnnation. 

Figs. 17 and 17a>17e aref^mentary cross-eectional illustrations of an 
embodlmentoftheoperationoftheapparalusofFlgs. 16 and 16a.16c during the radial 
expansion of the expandable tubular member within a borehole within a subtenanean 
fonnation. 

Fig. 18a Is a cross sectional illustration of an embodiment of a segmented 
expansion cone assembly in an unexpended position. 

Fig. 1Bb is a fragmentary drcumfiBrential fop lilustraHon of the expansion cone 
and spilt ring collar of Fig. 18a. 

Fig. 18c is a fiBgmenlaiy cross-sectional iUustratlon of the expansion oone 
sj^port flange of the expansion cone assembly of F^. 18a 

Fig. 18d is a cross-sectional WustFation of the expansion oone support flange of 
Fig. 18c. 

Fig. 19a is a cross sectional illustration of an embodiment of the segmented 
expansion cone assembly of Fig. 18a In an expanded position. 

Fig. 1 9b is a fragmentary drcumferentlai top view of the expansion cone of Fig 

18a. 

Figs. 20a-20m are top drcumferentlal views of various alternative embodiments 
of interiocking expansion oone segment geometries. 

Detailed OeecrlpHon of the iUustrattve Embodiments 
Refisning Initially to Figs. 1 and la-Id, an embodiment of an apparatus and 
melhodfbrradiaByexpandlngatubuiarmemberwBinowbedescribed. As illustrated in 
Figs.! and la-ld. a wellbore 100 is positioned In a subtenanean fbrmaHon 105. Inan 
exemplary embodiment, the wellbore 100 may hdude a pre«xlsl]ng cased section 

110. TheweliborelOOrnaybeposltionedinarvorientattenftomvBrticaitohorizontal. 

\n order to extend the wellbore 100 into the subtenanean fbnnalion 105. a driU 
string is used in a well known manner to drill out material from the subtenanean 
fbnnation 105 lofonnanewweBboresecttenllR In a preferred embodinent the 
Inside diameter of the new weObore sectkm 1 1S is greater than or equal to the Inside 
dIanDeter of the preexisting wellbore casing 1 10. 



A tubular member 120 defining a passage 120a may then be positioned vwithin 
the wellbore section 1 15 with the upper end120b <rf the tubular member coupled to the 
wellbore casing 1 1 0 and the lower end 120c of the tubular member extending Into the 
wellbore secUon. The tiAular member 120 may be positioned within the wellbore 
section 1 15 and coupled to the wellbore casing 1 1 0 In a conventional manner. In a 
prefiened embodiment, the tubular member 120 Is positioned withb) the weHbore 
section 11 5 and coupled to the weDbore casing 1 1 0 using one or more of the methods 
and apparatus disclosed in one or more of the followlr^: (1 ) U.S. patent af^Dcation 
serial no. 09/454,139, attorney docket no. 25791.03.02. fled on 12/3/1999. (2) U.S. 
patent application serial na 09/510.913. attorney dodtet no. 25791.7.02. filed on 
2/23/2000. (3) U.S. patent application serial no. 09/S0^350. attorney docket no. 
25791.8.02, filed on 2/10/2000. (4) U.S. patent appDcatkm serial no. 09/440,338. 
attorney docket no. 2S791.9.02. filed on 1 1/15/1 999. (5) U.S. patent appHcatton serial 
no. 09/523,460. attorney docket no. 25791.1 1.02, filed on 3/10/2000, (6) U.S. patent 
applkatkm serial no. 09/512.895. attorney docket no. 25791.12.02. filed on 2/24/2000, 
(7) U.S. patent applicatton serial no. 09/511.941, attorney docket no. 25791.16.02. filed 
on 2/24/2000, (8) U.S. patent application serial no. 08/588,946, attorney docket no. 
25791.17.02. filed on 6/7/2000, (9) U.S. patent application serial no. 09/559,122, 
attorney docket no. 25791.23.02, filed on 4/26/2000. (10) PCT patent appHcatton serial 
no. PCT/USOO/18635, attomey docket no. 25791.25.02, filed on 7/9/2000. (11) U.S. 
provisional patent applk:atk>n serial no, 60/162.671, attomey docket no. 25791.27, filed 
on 1 1/1/1999. (12) U.S. provisional patent application serial no. 60/154,047, attorn^ 
docket no. 25791.29, filed on 9/16/1999, (13) U.S. provisional patent appUcatkm serial 
no. 60/159,082. attomey docket no. 25791.34, filed on 10/12/1^9, (14) U.S. 
provlskjnal patent applkatkm serial no. 60/159,039, attorney docket no. 25791.36. filed 
on 10/12/1999, (15) U.S. provlskmal patent application serial no. 60/159,033, attomey 
docket no. 25791.37, filed on 10/12/1999, (16) U.S. provlsk>nal patent appHcatton serial 
no. 60/212,359. attomey docket no. 25791.38. filed on 6/19/2000. (17) U.S. provlskmal 
patent appOcaflon serial no. 60/165.228, attomey docket na 25791.39, filed on 
1 1/12/1999. (16) U.S. provistonal patent appOcafion serial no. 60/221.443, attorney 
docket no. 25791.45. filed on 7/280000. (19) U.S. provlstonal patent applkatkm serial 
na 60/221,645, attomey docket no. 25791.46, filed on 7/28/2000. (20) U.8. provisional 
patent applicatkm serial na 60/233,638. attomey docket na 25791.47. filed on 
9/18/2000, (21) U.S. provisional patent appUcatkm serial na 60/237.334. attomey 
docket no. 25791.48. filed on 10/2/2000. (22) U.S. provistonal patent appficatkm serial 
na 60/270.007. attorney docket no. 25791 .50, filed on ^20/2001: and (2S\ U.S. 
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provistonal patent application serial no. 60^2.434. attorney docket no. 25791.51. filed 
on 1/17/2001; and (24) U.S. provisional patent application serial no. 60/259,486. ' 

attorney docket no. 25791.52. filed on 1/3/2001. the disclosures of which are 
incorporated torein by r^ienoe. 

As illustrated In Rgs. 1 and la-Id. an apparatus 200 for radially expanding a 
tubular member may then be positioned in the new sectton 1 15 of the wellbore 100 
within the tubular member 12a The apparatus 200 indudee a tubular support member 
205 defining an internal passage 205a that is coupled to an end of a tubular coupling 
21 0 defining an internal passage 210a. The other end of the tubular coupHng 21 0 Is 
coupled to an end of a tubular support member 215 defining an mtemal passage 21 Sa 
that includes a flnt lug 215b. a radial passage 216c a first flange 215d. .a second 
flange 215e. a second lug 215f. and an expanston cone support body 215g. The other 
end of the tubular support member 215 is coupled to a tubular end stop 220 that 
defines a passage 220a. 

As illustrated In Figs. 1e and If. the expansion cone support body 215g 
Includes a first end 215ga. a tapered hexagonal portion 215gb that Includes a plurality 
of T-shaped slots 215gba provided on each of the external faceted surfeces of the 
tapered hexagonal portfon. and a second end 215gc. In an exemplary embodiment, 
the angle of attack of the tapered hexagonal portion ranges from about 35 to SO 
20 degrees fbr reasons to be described. 

As illustrated in Rgs. 1. 1a-1d. 1g. lh. and II. a plurality of expansion cone 
segments 225 are provided that Include first ends 225a that include T-shaped retaining 
membera 225aa and second ends 225b that include T-shaped retaining members 
225ba that mate with and are received within corresponding T^haped stots 215gba on 

the tapered hexagonal portfen215gboftheexpanston cone support body 215g first 
external surfeces 225bb. second external surfeces 225bc and third external surfaces 

225bd. Thu8.inanexemplaryembodiment.atotelofslxexpanstonoonesegment8 
225 are provkled that are slidabiy coupled to oonesponding sides of the fepered 
hexagonal portion 215gb of the expansion cone support body. 

In an exemplary embodiment, the widths of the first external surfeces 225bb of 
the expansion cone segments 225 Increase in the directton of the second external 
surfaces 225bc the wWths of the second external surfeces are substentially constant 
and the Widths of the third external surfaces 225bd decrease in the directton of the first 

ends225aoftheexpan8tonoone8egment8f6rreasonstobedescrlbed. In»i 
exemptery embodiment, the first external surfaces 225bb of the expansion cone 
segments 225 toper upwardly in the directton of the s econd ext^mai oock^ 
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the second external surfaces taper upwardly in the direction of the third external 
surfaces 225bd, and the third external surfaces 225bd taper downwardly In the 
direction of the first ends 225a of the expansion oone segments for reasons to be 
described. In an exemplary emtxxilment, the angle of attack of the taper of the first 
5 external surfaces 225bb of the expanston oone segments 225 are greater than the 
angle of aUadc of the taper of the second external surfaces 225bc. In an exemplary 
embodiment, the first and second external surfecWt 225bb and 225bc, dl the 
expansion cone segments 225 are arcuate such that when the expansion cone 
segments 225 are displaced Ih the direction of the end slop 220, the first and second 

10 external surfaces of the expansion cone segments provide a substantlaily continuous 
outer circumferential surface for reasons to be described. 

As illustrated in Fig. 1J, in an exemplary embodiment, the external surfaces, 
225bb, 225bc and 225bd, of the second ends 225b of the expansion cone segments 
225 are adapted to mate with one another in order to Intertodc adjacent expanston 

15 cone segments. 

As illustrated in Figs. 1. 1a-1d, and Ik, a spot ring collar 230 that defines a 
passage 230a for receiving the tubular support member 215 is provided that Includes a 
first end that includes plurality of T-shaped stots 230b for receiving and mating with 
con^pondlng T-shaped retaining members 225aa of the expansion cone segments 

20 225 and a second end that includes an L-shaped retaining member 230c. In an 
exemplary embodtnnent, the split ring collar 230 is a conventtonal split ring collar 
commerdalty available from Halliburton Energy Services modified in accordance with 
the teachings of the present disck>sure. 

As iliustrated in Figs. 1, 1a-1d, and 1m, a drag block assembly 235 that defines 

25 a passage 235a for receiving the tubular support member 215 is provUed that indudn 
a first end that includes an L-shaped skd 235b for receiving and mating with the L- 
shaped retaining member 230c of the split ring collar 230. one or more oonventtonal 
drag btock elements 235c, and a J-shaped etot 235d including a retaining skyt 235da 
for receiving the second lug 21Sf of the tubular support number 21 5. in an exemplary 

30 embodbfnent, the hmgKudlnal axb of the J*shaped slot 235d of the drag btock assembly 
235 is stAstantially paraM to the longitudinal axis of the tubular support member 21 5 
for reasons to be described. 

A first conventtonal packer cup assembly 240 that defines a passage 240a for 
receiving the tubidar support fnerntoer 215 includes a first end 240b that mates with the 

35 second flange 215e of the tubular support member, a conventtonal sealing cup 240c 
and a second end 240d. A tubular spacer 245 that defines a passage 245a for 
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receiving the tubular support member 215 ti»dudes a flret end 245b that mates with the 
second end 240c of the first packer cup assembly 240 and a second end 245c. A 
second conventional packer cup assembly 250 that defines a passage 250a for 
raoeivlng the tubular support member 215 includes a first end 250b that mates with the 
second end 245c of the spacer 245, a conventkmal sealing cup 250c and a second 
end 250d that mates with the first flange 21 5d of the tubular support member. 

As illustrated in Rgs. 1, la-ld. and II. a drag block assembly 255 that defines a 
passage 255a for receiving the tubular support member 215 is provided that Inckides a 
first end that includes sealing members. 2SSb and 255c. one or more conventional drag 
block elements 255d. and a J^haped stot 255e Including a retaining skit 255ea for 
receiving the first lug 21Sb of the tubular support member 215. In an exemplary 
embodiment, the longitudinal a4s of the J-shaped skit 255e of the drag block assembly 
255 is substantially paraltel to the tongitudinal axis of the tubular support member 215 
for reasons to be descnlied. 

In an exemplary embodiment, during operation of the apparatus 200. as 
illustrated In Figs. 1 and la-lm. the apparatus may be positioned m the weObore 115, 
within the tubular member 120, with the first and second lugs. 215b and 215f. 
respectively, posiikmed within the retaining slots. 255ea and 235da, respediveiy. of the 
J-slots. 255e and 235da. respectively, of the drag bkx* assembly 255 and 235, 
respectively. In this manner, the drag block assembly 235 is maintained In a 
substantially statmnary positton relative to the tubular support member 215 thereby 
preventing the expanskxi cone segments 225 from being displaced downwardly in the 
tongitudinal direction relative to the tubular support member 215 towards the end stop 
220. Furthennoie, in this manner, the drag block assembly 255 Is also maintained in a 
substantially stattonaiy position relative to the tubular support member 215 thereby 

preventing the drag bkx* assembly from sealing off the radial passage 215c. In an 
exemplary embodiment, during the piaoement of the apparatus 200 within the wellbora 
115 and the tubular member 120, the radial passage 215c penntts fluidic materials 

outsWe of the tubular support member 215 to pass Into the passage 215a thereby 
minimizing overpressure conditions within the annulus oulsMe of the tubular support 
msmber. 

In an exemplary embodiment the apparatus 200 is positioned within the 
expandable tubutar member 120 such that the expanston cone body 215g. the end 
stop 220. and the expansion cone segments 225 extend out of the expandabte tubular 
member. In this manner, the expanskm cone segments 225 may be driven up the 
tapered hexagonal portton 215gb of the exoanskm twiu oib^ 
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the outside diameters of the expanskm cone segments, without Impacting the 
«(pandabte tubular member 120. 

The tubular support member 21 5 may then be rotated relative to the drag block 
assemblies. 235 and 255. thereby displacing the lugs, 215r and 215b. with respect to 

5 the J^haped slots, 235d and 255e, respectively. The tubular support member 21 5 
may then be dteplaced upwardly relative to ttie drag ttook assemblies, 235 and 255, in 
the longitudinal direction thereby displacing the drag blade assemblies downwardly 
rBlatlve to the tubular support member. During the tongitudinal upward dteplaoement of 
me tubular support member 215 relative to the drag biock assemblies, 235 and 255. 

10 the drag block assemblies. 235 and 255. are neintained In a substantially statkmary 
position with respect to the expandable tubular member 120 by the fridionai forces 
exerted by the dreg blocks. 2350 aiKi 255d, of the drag btock assemblies on the 
expandsdsle tubular member, and during the upward bngitudinal displacement of the 
tubular support member 215 relative to the drag block assemblies, the lugs. 21 5f and 

15 215b. are guided in a substantially tongitudinal diredkMi by the J-sk)ts.235d and 255e, 

respectively, of the drag btock assemblies. 

The downvrard kMtgltudinal displacement of the drag btock assembly 235 
relative to the tubular support member 215 displaces the split ring colteir 230 
downwardly along with the expanston cone segntents 225. As a result, the expansion 

20 cone segments 225 are driven up the tapered hexagonal portton 21 5gb of the 

expanston cone support body 215g until the end faces of the expansion cone segments 
impact the stop member 220. As a result, the outsMe diameter of the expanston cone 
segments 22S increases. In an exemplary embodiment, once the expanston cone 
segments 225 impact the stop member 220, the outer surfiaoes. 22Sbb and 225bc oT 

25 the expanston cone segnwnts provide a substanUaliy oontimious outer siBf^ in the 
circumferential dredton having a diameter that is greater than the inskle diam^ of 
the expandabto tut»ilar member 1 20. The downward tongitudinal displacement of the 
drag btock assembly 255 relative to the tubular support member 215 seals oif the radial 
passage 215c thereby preventtog the pressurized fluMic material 275 from entering the 

30 annulus surrounding the tubular support member 215 through the radial passage. 

In an exemplaiy embodiment, as Hlustrated in Figs. 2 and 2a-2r, the expandable 
tubular member 120 may then be radiaHy expanded using the apparatus 200 by 
injeding a fluWte material 275 into the apparatus through the passages 205a, 21 Oa, 
and 215a. The lnjedk)n of the fluklic material 275 may pressurize the interior 120a of 

35 the expandable tubular member 120. In addttton, because the packer cup assemblies, 
240 and 250. seal off an annular regton 120aa belo w the packer cup assembltes 
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between the expandat)le tubular member 120 and the tubular support member 215, the 
injection of the fluidic material 275 may also pressurize the annular region. 

The continued Injection of the fluidic material 275 may then pressurize the 
Werior 120a of the expandable tubular member 120 thereby plastically deforming and 
radially expanding the expandable tubularmember off of the expansion cone segments 

225. Becausetheoutersurfaoe8.225bband225bc.oftheexpan8lonconesegment8 
225 are tapeied. the plastic defbrnetion and radial expansion of the expandable 
tubular member 120 proximate the expansion oone segments is facilitated. 
Furthemwre. in an exemplary embodiment, the continued injection of the fluidic 
material 275 also piessurizm the annular region 120aa defined between the Interior 
surface of the expandable tubular member 120 and the exterior suif^ of the tubular 
support member 215 that is bounded on the upper end by the packer cup assembly 
240 and on the lower end by the expansion oone segments 225. Futhemiore. In an 
exemplaiy embodiment, the pressurization of the annular region 120aa also radblly 
expands the surrounding portion of the expandable tubular member 120. In this 
manner, the plastic defonnation and radial expansion of the expandable tubular 
member 120 Is enhanced. Furthemwre. during operation of the apparatus 200, the 
packer cup assemblies 240 and 250 prevent the pressurized fluidic material 275 from 
passing above and beyond the packer cup assemblies and thereby define the length of 
20 the pressurized annular region 120aa. in an exemplary embodiment, the 

pressurization of the annular regbn 120aa decreases the operating pressures required 
for plastic deformatton and radial expanskxi of the expandable tubular member 120 by 
as much as 50% and also reduces the angle of attack of the tapered external surfaces. 
225bb and 226b(i of the expansion oone segments 22& 

The radial expanston of the expandable tubular member 120 may then continue 
until the upper end 120b of the expandable tubular member is radially expanded and 
plastically defonmed along vi»nh the overiapping pprtton of the welibore casing 1 1 0. 
Because the expanskm oone segments 225 may be adjustable positioned from an 
outside diameter less than the insMe diameterof the expandable tubular member120 
to an outskle diameter substantially equal to the insMe dtameter of the preexisting 
casing 1 10. the resulting vreiibore casing, including the casing 110 and the radlaly 
expanded hibular member 120. created by the operatton of the apparatus 200 may 
have a single substantially constant inskle diameter thereby prevlding a monoKJIameter 
weilbore casing. 

If the expanston cone segments 225 become todged within the tubular member 
120 during the radial expanston process, the tubular sicoortmemb^gism^K. 



displaced downwardly in the bngitudinal direction and then rotated relative to the drag 
block assemblies, 235 and 255, thereby positioning the lugs, 21 5b and 21 5f, within the 
retaining slots* 255ea and 235da. respectively, of the J^lots, 255e and 235d, 
respectively. As a result, the expansion cone segments 225 may be displaced down 
5 the tapered hexagonal portion 215gb of the expansion cone support body 215g and 
away from the erKi stop 220 thereby decreasing the external diameter of the expansion 
cone segments. In th» manner, the tubular support member 205, the tubular support 
member 210, the tubular support member 215, the end stop 220, the expansion cone 
segments 225, the spfit ring collar 230. the drag blodc assembly 235, the padc cup 

10 assembly 240, the spacer 245, the packer cup assembly 250, and the drag bkxdc 
assembly 255 may then be removed from the tubular mennber 120. 

During the radial expanskin process, the expanston cone segments 225 may be 
rateed out of the expanded portton of the tubular member 120 by applying an upward 
axial force to the tubular support member 215. In a prefened embodiment during the 

15 radial expansion process, the expanston cone segments 225 aiB raised at 

approximately the same rate as the tubular member 120 is expanded in order to keep 
the tubidar member stattonary relative to the new wellbora sectton 115. in an 
alternative preferred embodinDent, the expansion cone segments 225 are maintained in 
a stationary position during the radial expansion process thereby allowing the tubular 

20 member 120 to be radially expanded and plastically defonmed off of the expanskxi 
cone segments 225 and into the new wellbore section 1 15 under the force of gravity 
and the operating pressure of the interior of the tubular member 120. 

In a preferred embodiment, when the upper end portion of the expandable 
tubular member 120 and tte lower portton of the wdlbore casing 1 10 that overtap witti 

25 one another are plastically deformed and radially expanded by the expansion cone 
segments 225, the expansion cone segments 225 are displaced out of the wellbore 
100 by both the operating pressure within the interfcir of the tubular member 120 and a 
upwardly directed axial force applied to the tubular support member 205. 

In a preferred embodiment, the operating pressure and flow rate of the fluldic 

30 material 275 is controliably ramped down when the expansion cone segments 225 
reach the upper end porflon of the expandable tubular mmiber 120. in this manner, 
the sudden release of pressure caused by the complete radial expanston and plastic 
deformatton of the expandable tubular member 1 20 off of the exparmton cone 
segments 225 can be minimized. In a prsfenned embodiment, the operating pressira is 

35 reduced in a substantially linear fashton from 100% to about 10% during the end of the 
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extrusion process beginning when the expansion cone segments 225 are wHhin about 
5 feet (1 .524 m) from completion of the extriKion process. 

Alternatively, or in combination, the wall thidcness of the upper end portion of 
the expandable tubular nrtember 120 is tapered in order to gradually reduce the 
required operating pressure for plastically defomifng and radially expanding the upper 
end portion of the tubular nwmber. In this manner, shock loading of the apparatus is at 
least reduced. 

Alternatively, or in combination, a shodk absorber Is provided in the tubular 
support member 205 in order to absorb the shock caused by the sudden release of 
pressure. The shock absorber may comprise, for example, any conventional 
commerdaily available shock absorber, bumper sub. or Jars adapted for use In wellbore 
operations. 

Alternatively, or in combination, an expansfon cone catching structure is 
provkJed in the upper end portton of the exparKfaUe tubular member 120 in order to 
catch or at least deceterats the expanston cone segments 226. 

Alternatively, or in combinatton. during the radial expanston process, an upvrard 
axial force is applied to the tubular support member 215 sufftoient to plastteally deform 
and radially expand the tubular member 120 off ofthe external surfoces. 225bb and 
225bc. of the expanston cone segments 225. 

Alternatively, or in combinatfon. in order to facflltato the pressurizatton of the 
intorfer 1 20a of the expandable tubular member by the injectton of the fluldte materials 
275. the regton within the wetlbore section 1 1 5 below the apparatos 200 may be 
fluWtely sealed off in a convention manner using, for example, a packer. 

Once the radial expanston process is completed, the tubular support member 
205. the tubular support member 210. the tubular support member 215. the end stop 
220. the expanston cone segments 225. the split ring collar 230. the drag block 
assembly 235. the pack cup assembly 240. the spacer 245. the packer cup assembly 
250. and the drag btock assembly 255 are removed fnm the weDbore 1 00. 

In an aitemative embodiment, as illustrated In Figs. 2h and 21. the J^tots. 235d 

and255e.includeoneormoieintefflr»ediateretaining6tot8.235dband256eb. 
respectively, that pemirt the relative longitudinal disptecement of the tubular siippcrt 
member 2 1 5 relative to the dreg btock assembltos. 235and255.tobesetatoiieor 
more intemwdiate stop positions. In this manner, the expanston segments 225 may be 
posittoned at one or more intem«dlate posittons on the tapered hexagonal portton 
215gb of the expanston cone support body 215g thereby pemHtling the external 
diameter of the expanston cone segments 22Stobe adlU8tedteoni>«rmn« 



/b 

Intermediate sizes. In this manner, the radial expansion and plastic defomnafion of the 
expandable tubular member 120 be provided in different operation stages, each having 
a difFerent expansion diameter. Furthermore, if the expansion cone segments 225 
become lodged within the expandable tubular member 120. then the position of the 
5 expansion cone segments may be adjusted to provide a smaPer outside diameter and 
the radial expansion process may be continued by injeding the fluidic material 275 
and/or applying an upward axial force to the tubular support member 21 5. 

Referring to Hgs. 3 and 3a-3J, an aKemative embodiment of an apparati^ 300 
forfomting a wellbore casing in a subterranean formation wOi now be described. The 

10 apparatus 300 includes a tubular support member 305 defining an internal passage 
30Sa that is coupled to an end of a tubular coupling 31 0 defining an Internal passage 
310a. The other end of the tubular coupling 310 Is coupled to an end of a tubular 
support member 315 defining an intemal passage 315a that Includes a first flange 315b 
having oppositely tapered end-walls, 315ba and 315bb, a second flange 315c a radial 

15 passage 315d. a thinJ flange 315e. a fourth flange 315f. a flflh flange 315g having 
oppositely tapered end^ails. 315ga and 315gb. a fifth flange 315h, and an expansion 
cone support body 3l5i. The other end of the tubular support member 315 is coupled 
to a tubular end stop 320 that defines a passage 320a. 

As illustrated In Figs. 3d and 3e, the expansion cone support body 315i includes 

20 a first end 31 5ia, a tapered hexagonal portion 31 Sib mat includes a plurality of T- 
shaped slots 315iba provided on each of the extemsri faceted surfaces of the tapered 
hexagonal portion, and a second end 315ia In an exemplary embodiment, the angle of 
attack of the tapered hexagonal portion 315ib ranges from about 35 to 50 degrees for 
reasons to be described. 

25 As illustrated In Figs. 3. 3a-3c, and 3r-3h, a pluiBlity of expansion cone 

segnnenis 325 are provided that include first ends 325a that include T-shaped retaining 
members 325aa and second ends 325b that Include T-shaped retaining members 
325be that mate wHh and are received within corresponding T-shaped dots SlSba on 
the tapered hexagonal portion 319b of the expansion oone support body 3151. first 

30 external surftices 32Sbb, second external surfeoes 325bc and third external surfaces 
325bd. Thus, in an exemplary embodiment, a total of six expansion oone segments 
3^ are provided that are slidably coupled to corresponding sides of the tapered 
hexagonal portion 315ib of ttie expansion cone support body 315i. 

in an exemplary embodiment, the widths of the first external surfeces 325bb of 

35 the expanston cone segnrients 325 increase in ttie direction of tiie second external 
surfeces 325bc the wMths of Vhe second external su rfaces are siAstantiallv constant 
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and the widths of the mm external surfaces 325bd decrease in the direction of the first 

endsazsaoftheexpansionconesegmentsfbrreasonstobedescribed. Inan 
exemplary embodiment, the finrt external surfaces 325bb of the expansion cone 
segments 325 taperupwardiy In the diredion of the second external surfaces 325bc 
the second external surfaces taper upwardly In the direction of the third external 
surfaces 325bd. and the third extemal surfeces 325bd taper downwaitJIy In the 
direction of the first ends 325a of the expansion cone segments Ibr reasons 1^ 
described, 'nan exemplary embodiment, the angle of attack of the taper of the first 
extemal surfaces 325bb of the expansion cone segments 325 ar» greater than the 
angle ofattackofthetaperofthes«x>ndextemal8urfaee832Sbc. In an exemplary 
embodiment, the finrt and second extemal surfens, 325bb and 325bc of the 
expansion cone segments 325 are arcuate such that when the expansion cone 
segments 325 are displaced In the direction of the end stop 320. the first and second 
extemal surfaces of the expansion cone segments provide a substandaliy continuous 
15 outer drcumferentiai surface for reasons to be described. 

As lUustrated in Fig. 31. in an exemplary embodiment, the extemal surfaces 
325bb. 325bc. and 325bd. of the second ends 325b of the expansion cone segme^ 
325 are adapted to mate with one another in order to Interlock adjacent expanskm 
cone segments. 

20 A split ring collar 330 that defines a passage 330a for receiving the tubular 

support member 31 5 is provUed that indudes a first end that includes plurality of T- 
ahaped stots 330b for receiving and mating with corresponding T^»haped retaining 
member 325aa of the expanskin cone segments 325 and a second end that includes 
an L-shaped retaining member 330o. In an exemplary embodiment, the split ring collar 
330 is a oonventfonal split ring collar commercially available from Halliburton Energy 
Senrtces modified In accordance with the teachings of the present disclosure. 

A collet assembly 335 is provMed that Indudes a support ring 335a that defines 
a passage 335aa for receiving the tubular support member 31 5 and Is coupled to an 
end of a resilient collet 335b having upper and tower sets of oppositely tapered 
Shoulders. 335ba and 335bb. and. 335bc and 335bd. respedlvdy. that is positioned 
proximatethefburthflange315gofthetubuiarsupportmember315. Theotherandof 
the collet 335b is coupled to an end of a tubular steevo 335c that defines a passage 
335ca. The other end of the tubular sleeve 335c is coupled to an end of a pin 335d 

The other end of the pin 335d is coupled to a ring 335e that defines a passage 335ea 
for receivingthe fifth flange 315hofthetubularsupportmember315. Anendofa 
«»ibularcoupnng sleeve 335f that deflneeapassage3 35fa for recelvino the iut..u^^ 
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support member 315 is received wtthin the opening 335ca of the tubular sleeve 335c 
that includes a recess 335fb for receiving the fifth flange 31 5h of the hjbular support 
member SlS^nd tt» ring 335e. and a radial passage 335fc for receiving the pin 335d. 
Another end of the tubular coupling sleeve 335f inckjdes a passage 335(d for receiving 
5 the tubular support member 315 and a slot 335fb for receiving the L-shapedretahing 
member 330c of the split ring collar 330. A ring 335g that defines a passive 335ga for 
receiving the tubular support member 315. a spring 335h. and a ring 3351 that defines a 
passage 335ia for receiving the tubular support member 315 are also received within 
the recess 335fb. The ring 335g is positioned proximate one end of the recess 335fo, 
10 the ring 3351 is positioned proximate the fifth flange 31 5h of the tubular support 
member 315 within the other end of the recess, and the spring 335h to poeltioned 
between the rings. 

A first convOTtionai pad»r cup assembly 340 that defines a passage 340a for 
receiving the tubular support member 31 5 Includes a first end 340b that mates with the 
15 fourth flange 31 5f of the tubular 6ifl)port member, a oonvenflonal sealing cup 340c. and 
a second end 340d. A tubular ^cer 345 that defines a passage 345a for receiving 
the tubular support member 315 includes a first end 345b that mates wHh the second 
end 340d of the first padter cup assembly 340 and a second end 345c. Asecond 
oom«ntional padcer cup assembly 350 that defines a passage 350a for receiving the 
20 tUHdar support member 316 includes a first end 350b that mates with the second end 
345c of the spacer 345. a conventional sealing cup 350c. and a second end 350d that 
males with the third flange 315e of the tubular support member. 

A ooilet assembly 355 provided that includes a support ring 355a that defines a 
passage 355aa for receiving the tubiriar support member 315 and is coupled fo an end 
25 of a rselllent collet 355b h»nng upper and lower sets of oppositely tapered shouUere. 
355baand 35Sbb. and. 355bcand 355bd, respectively, that is positioned proximale the 
first flange 315b of the tubidar support member 315. The other end of the colet3S5b 
b coupled ban end of a tubular sleeve 355c that defines a passage 355ca. Theolher 
end of the tubular sleeve 35Sc is coupled to an end of a pin 355d. The other end of the 
pin 355d Is coupled to a ring 355e that defines a passage 35Sea for receiving the 
second flange 315c ofthe tubular support member 315. An end of a tubular sleeve 
355f 0iat defines a passage 355fa for receiving the tubular support m«nber 315 is 

received within the opening 355ca of the tubular sleeve 355c that inciu(tes a recess 
355fb fbr receiving the second flange 31 5c of the tubular support member 315 and the 
ring 355e. and a radial passage 355fc for receiving the pin 355d. Another end of the 
tubular sleeve 355f includes a passage 355rd for receiving the tubular support member 
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315. a recess 355fe for receiving an end of the tubular sleeve 355c. and seaGng 
member 355ff. A ring 355g that defines a passage 355ga for receiving the tubular 

support mernber 315 and a spring 355h are also received within the recess 355fb An 
end of the ring 3559 is positioned proxlrnale the second flange 315c of the t^^^^ 
5 support member 31 5 within an end of the recess 35Sfb and the other end of the ring is 
posltlonedanendofthesprtng355h. The other end of the spring 355h Is positioned 
proximate the other end of Ihe recess 3551b. 

In an exemplary embodiment, during operation of the apparatus 300 as 
»'"^'nRg8.3and3a^.theapparBtusmaybelnltlalIyposltlonedlnthewell^ 
10 100.withinthecasing110.wlththeoolleta8semblte8335and3S5po8ltlonedha 
neutral position in which the radial passage 315d of the tubular support member 315 is 
not covered by the tubular sleeve 355f and the expansion cone segments 325 are not 
dnven up the tapered hexagonal portion 3151b of the expansion cone support body 

315.ofthetubular8upportmember315intoconfactwlththestopmember320 Inthis 
manner, fluidic materials within the interior 315a of the tubular support member 315 
may pass through the radial passage 315d into the annulus between the apparatus 300 
and the casing HOthereby preventing over pressurfeation of the annulus. 
FurthemK)fe. in this manner, the outside diameter of the expansion cone segments 325 
is less than or equal to the outside diameter of the stop member 320 thereby pemritting 
20 the apparatus 300 to be displaced within the casing 110. 

As IHustratod in Figs. 4. and 4a-W. the apparatus 300 may then be positioned 
In the tubular member 1 20. During the Insertion of the apparatus Into the tubular 
member 120. the upper end 120b of the tubular member may impact the tapered 
Shoulders. 335bb and 355bb. of Ihe odlets. 335b and 355b. respectively, thereby 

driving the collete backward unta Ihe tapered shogIdeis.335bd and 355M ofthe 
coOets are positioned proximate Ihe tapered shouldsrs. 316ga and 315be. respectlveiy 
efthetubularsupportmember. As a result, the support rings. 335a and 355a. ths ' 
collets. 335b and 365b. the tubular sleeves. 335c and 355c the pins. 335d and 355d 
Ihe rings. 335e and 355e. and the rings. 335g and 355fl. of the collet assemblies 33^ 
and 355. respectfveiy. are driven backward, compressing the springs. 335h end 
thereby applying axial biasing forces to the tubular couplhg sleeve 335f and the tubular 
Sleeve 355f. respectlveiy. In this manner, an axial Washgforca Is appBed to the split 
nng coilar 330 and the expansion cone segments 325 that prevents the expansten 
cone segments from being driven up the tapered hexagonal portton 315ib or the 
«q«i«fan cone support body 31 51 of the tubular support member 31^ 
thestopmember320. Thus, the outside diameter of the expanston cone senm^ 
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325 is maintained In a position that is less ttian the Inside diameter of the tubular 
member 120 thereby penmitting the apparatus 300 to be displaced within the tubular 
member. Furthermore, in this manner, an axial biasing force is applied to the tubular 
sleeve 355f thereby preventing the tubidar sleeve from covering the radial passage 
31 5d in the tubular support member 315. Thus, fluidic materials within the Interior 315a 
of the tubular support member 315 may pass through the redial passage 31Sd into the 
annukis between the appMis 300 and the tubular nnember 120 theretiy preventing 
over pressurization of the armulus. 

The apparatus 300 may then be at least partialiy positioned in the open hole 
section llSa of the wellbore section 115. beyond the lower end 120c of the tubular 
member 120. in an exemplary embodiment, that portion of the apparatus 300 that 
includes the stop member 320, the expansion cone segments 325, the split ring collar 
330, the collet assembly 335, the packer cup assembly 340, the spacer 345, the packer 
cup assembly 350, and the collet assembly 355 is then positioned in the open hole 
section 1 15a of the wellbore section 1 15» beyond the lower end 120 of the tubular 
member for reasons to be described. Because the collets. 335b and 355b. are 
resilent, once the apparatus 300 has been positioned In the open hole sectton 11 5a of 
the wellbore section 115, beyond the tower end 120c of the tubular member 120. the 
tapered shouklers, 335ba and 355ba, of the coltets may spring outwardly in the radial 
directton. 

The apparatus 300 may then be repositioned at least partially back within the 
tubular member 120. During the re-insertion of the apparatus into the tubular member 
120, the tower end 120c of the tid>ular member may impact the tapered shoulders, 
335ba and 355ba, of the collets, 335b and 355b, respectively, thereby driving the 
collets fonrard wHI the tapered shoukJers, 335bc and 355bc of the collets are 
posfttoned proximate the tapered shouldere. 315gb and 315bb, raspecthrely, of the 
tubular support member 315. As a resuK, the support rings, 335a and 355a, the 
collets, 335b and 355b. the tubular sleeves, 335c and 355c the pins, 335d and 355d, 
the rings, 335e and 355e, the tubular coupling sleeve 335f, the tubular sleeve 355f, the 
rings. 335g and 355g, and the ring 3351 of the collet assemblies. 335 and 355, 
respectively, are driven fonrard. thereby compressing the springs, 335h and 355h, 
thereby sealing off the radial passage 31 Sd and driving the expanston cone segments 
325 up the tapered hexagonal portton 315ib of tto expanston cone support body 3151 
of the tubUar support member 315 ktto contact with the stop nrmnber 320. 

As a result, the outskle diameter of the expansion cone segments 325 is now 
greater than the inskle diameter of expandable tubul ar nwnber 120 thereby pemtttlng 
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the apparatus 300 to be used to radially expand and plasUcally deform the tubular 
member, and fluidic materials within the interior 31 5a of the tubular support member 
315 may no longer pass through the radial passage 315d Into the annulus betKveen the 
apparatus 300 and the tubular member thereby pemiitting the interior of the apparatus 
to be pressurized. 

The apparatus 300 may then be operated to ladialiy expand and plastically 
defomi the tubular member 120 by applying an upward axial force to the tubular 
support member 31 5 and/or by injecting a pressurized fluidic material into the tubular 
support member. 

In particular, as Olustrated In Figs. 5 and 5a^. the expandable tubular member 

1 20 may then be radially expanded using the apparatus 300 by injecting a fluidic 
material 275 Into the apparatus through the passages 305a. 310a. 31Sa. and 320a. 
•me injection of the fluidic material 275 may pressurize the interior 120a of the 
expandable tubular member 120. In addition, because the packer cup assemblies. 340 
and 350. seal off an annular region 120aa below the packer cup assemblies between 
the expandable tubular member 120 and the tubular support member 315. the irijection 
of the fluidic material 275 may also pressurize the annular region. 

The continued injection of the fluMic material 275 may then pressurize the 
interior 120a of the expandable tubular member 1 20 thereby plastically defomiing and 
radialy expanding the expandable tubular member off of the expansion cone segmente 
325. Because the outer surfaces. 325bb and 325bc. of the expansion cone segmente 
325 are tapered, the ptasfic defomiatton and radial expansion of the expandable 
tubular member 120 proximate the expanskm cone segmente Is fadliteted. 
Furlhemwre. in an exemplary embodiment, the continued injection of the fluidic 
material 275 also pressurizes the annular regton 120aa defined between the interior 
suriace of the expandable tubular member 120 and the exterior surface of the tubuter 
support member 315 that is bounded on the upper end by the packer cup assembly 
340andonthelowererKJbytheexpanstencone8eflmente325. Furthem»re.inan 
exemplary embodiment, the pressurizalton ofthe anmilar regton 120aa also radtelly 
expands at least a portion of the sum,undlng portton of the expandabte tubular member 
120. 'nthlsmanner.theplasticdefomnatlonandradiaiexpanstonoflheexpandabte 
tubularmember120lsenhanced. Furthemiore. during operatfen of the apparatus 300 
the packer cup assemblies 340 and 350 prevent Ihe pressurized fluklfc material 275 
from passing above and beyond the packer cup assemblies and thereby define Ihe 

Iengthofthepressurizedannularregton120aa In an exemplary embodiment, the 
Pressurtzatton of the annular regton 120aa decreases theo^^n^.^ 



ax 

for plastic deformation and radial expansion of the expandable tubular member 120 by 
as much as 50% and also reduces the angle of attack of the tapered external surfaces, 
^5bb and 325bc of the expansion cone segments 325. 

The radial expansion of the expandable tubular member 120 may then continue 
until the upper end 120b of the expandable hJbular member is radially expanded and 
plasttealy defbnned along with the overlapping portion of the welibore casing 1 10. 
Because the expansion cone segments 325 nay be adjustable positioried from an 
outside diameter less than the inside diameter of the expandable tubular member 120 
to an outside diameter subs^aily equal to the Inside diameter of the preexisting 
casing 110, the resulting weHbore casing, indudbig the casing 1 10 and the radially 
expanded tubular member 12a created by the opeiBtion of the apparatus 300 may 
have a single substantially constant inside diameter thereby providing a moncHJIameter 
welibore casing. 

During the radial expansion process, the exparalon cone segments 32S may be 
raised out of tiie expanded portion of the tubulw member 120 by applyli^ an upward 
axial force to the tubular support member 315. In a prefened embodiment, during the 
radial expansion process, the expansion cone segments 325 are raised at 
approximately the same rata as the tubular member 120 is expanded In order to keep 
the tubular member stationary relative to the new welibore section 1 15. 

in a prefened embodiment, when the upper end portion of the expand^ie 
tubular member 120 and the lower portton of the welibore casing 1 10 that overlap with 
one another are plastically deformed and radially expanded by the expansion cone 
segments 325. the expansion cone segments are displaced out of the weilbore 100 by 
both the operating pressure wtthtn the Interior of the tubular member 120 and a 
upwardly directed axial force appOed to the tubular support member 305. 

In a preferred enibodlnient, the <q)erating pressure and flow rate of the flUUto 
material 275 Is oontrollably ramped down when the expansion oone segments 
reach the upper end portton of the expandable tubular member 120. in this manner, 
the sudden retoase of pressure caused by the complete radtel expanston and piastie 
defonnatton of the expandable tubular member 120 off of the expanston cone 
segments 325 can be minimized. In a preferred embodiment, the operating pressure is 
reduced in a substantially linear fashton from 100% to about 10% during the end of the 
extrusion process beginning when the expanston oone segmente 325 are wHhin about 
5 feet (1 .524 m) from completion of the extnjsion process. 

Alternatively, or in combination, ttie wall thickness of the upper end portion of 
ttie expandable tubular member 120 is tepered In order to gradually reduce the 
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required operating pressure for plastically deforming and radially expanding ttie upper 
erKl portion of the tubular member, in this manner, shodt loading of the apparatus is at 
least reduced. 

Alternatively, or in combination, a shock absorber is provided In the tubular 
support member 305 in order to absorb the shock caused by the sudden release of 
pressure. The shodc absorber may comprise, for example, any conventional 
commercially available shock absorber, bumper sub, or Jars adapted for use in wellbore 
operations. 

Altemallvefy. or in combination, an expansion cone catching stnidura is 
provided in the upper end portion of the expandable tubular member 120 m order to 
catch or at least decelerata the expansion cone segments 325. 

Alternatively, or in combination, during the radial expansion process, an upward 
axial force Is applied to the tubular support member 31 5 sufRctent to pbsllcalh^ 
and radially expand thetubularmember 120 off of the external surfaces. 225bband 
15 225bc, of the expansion cone segments 325. 

Alternatively, or in combination, in order to facilitate the pressurlzaUon of the 
interior 120a of the expandable tubular member by the Injection of the fluldie materials 
275. the region within the welbore section 1 15 below the apparatus 300 may be 
fludidy sealed off in a convention manner using, for example, a padcer. 

Once the radial expansion process is completed, the tubular support member 
305. the tubular support member 310. the tubular support member 315. the end stop 
320. the expansion cone segments 325. the split ring collar 330. the collet assembly 

335. the padcer cup assembly 340. the spacer 345. the padcer cup assembly 350, and 
the collet assembly 355 are removed item the wellborBS 100 and 1 15. 

Referring to Figs. 6 and 6a^. an aHemative embodiment of an app^tus 400 

fbrfoiming a wodbore casing In a subtenaneanfonnatlonwin now be described. The 
apparatus 400 Indudes a tubular support member 405 defining an kitemal passage 
405a that Is coupled to an end of a tubular coupling 410 defining an internal passage 
410a The other end of the tubularooupiing 410 is coupled to an end of a tubular 
support number 415 defining an internal passage 415a that Indudes a first flange 
415b. a first radial passage 415c a second radial passage 415d. a second flange 
41 5e. a stepped flange 4l5f, a third flange 415g. a fourth flange 415h. a fifth flai^e 
4151. and an expansion cone body 41^. The other end of the tubular support member 
415 Is coupled to a tubular end stop 420 that defines a passage 420a. 

As IBustrated in Figs. 6e and 8f, the expansion cone support body 41Sj indudes 
a fHt end 41^. a tapered hexagonal portion 41^b t hatindudMi>ni..«iih,^T- 



20 



25 



shaped sbts 41 Sjba provided on each of the external faceted surfaoes of the tapered 
hexagonal portion, and a second end 415|c. In an exemplary embodiment, the angle of 
attack of the tapered hexagonal portion 415jb ranges from about 35 to 50 degrees for 
reasons to be described. 
5 As illustrated in Figs. 6, 6a-ed, and 6g-6i, a plurality of expansion cone 

segments 425 are provided that include first ends 425a that include T-shaped retaining 
members 425aa and second ends 425b that include T-shaped raining members 
425t>a that mate with and are received within corresponding T-shaped slots 41Qba on 
the tapered hexagonal portion 415Jb of the expansion cone support body 415j, first 

10 external surfaces 425bb. second external surfaces 425bc and third extemad surfaces 
425bd Thus, in an exemplary embodiment, a total of six expansion cone segments 
425 are provided that are slidably coupled to corresponding sides ct the tay^ered 
hexagonal portion 41SJb of the expansim cone support body 415J. 

In an exemplary embodiment, the widths of the first external surfaces 42Sbb of 

15 the expansion cone segments 425 increase in the direction of the second external 
surfaces 425bc, the widths of the second external ajrfeces are substanttaily constant, 
and the widths of the third external surfaces 425bd decrease in the direction of the first 
ends 425a of the expansion cone segments for reasons to be descrit)ed. In an 
exemplary embodiment, the first external surfaces 425bb of the expansion cone 

20 segments 425 taper upwardly in the direction of the second external surfaces 425bc 
the second external surfaces taper upwardiy in the direction of the third external 
surfaoes 425bd, and the third extemal surfaces 425bd taper downwardly In the 
direction of the first ends 425a of the expansion cone segments for reasons to be 
described. In an exemplary embodiment, the angle of attadc of the taper of the first 

25 extemal surteces 425bb of the expansion cone segmerds 425 are greater than flie 
angle of att^ of the taper of the second external surfaoes 429>c. In an exemplary 
embodiment, the first and second extemal surges, 425bb and 425bc of the 
expansion cone segments 425 are arcuate such that when the expansion cone 
segments 425 are dispiaoed in the direction of the end stop 420, the first and second 

30 external surfaoes ofthe expansion cone segments provide a substanttaOy continuous 
outer circumferential surfiace for reasons to be described. 

As llbistrHted in Fig. 6J, in an exemplary embodiment, the extemal surfaces. 
425bb, 42Sbc and 425bd, of the second ends 425b of the expansion cone segments 
425 are adapted to mate with one another in order to interlodc adjacent exparsion 

35 cone segments. 
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A split ring collar 430 lhat defines a passage 430a for receiving the tubular 
suppoff member 415 Is provided that Includes a first end that includes plurality of T- 
shaped slots 430b for receiving and mating with corresponding T-shaped retaining 
members 425aa of the expansbn cone segments 42S and a second end that Includes 
an L-shaped retaining member 430a in an exemplary embodiment the spRt ring collar 
430 is a conventional split ring coOar commercially avallabie from Halliburton Energy 
Services modified in acoontanoe with the teachings of the present disclosure. 

A dog assembly 435 Is provided that Includes a tubular sleeve 435a that defines 
a passage 435aa for receiving the tubular support member 415 that Includes a first end 
that includes a slot 435ab fbr receiving and mating vrith the L-shaped retaining member 
430c of the split ring ooOar 430, a radU passage 435ac and a recess 435ad fbr 
fecelvlngtheflflhfIange415aofthetubularsupportmember415. A second end of the 
tubular sleeve 43Sa includes a flange 435ae that mates with the fourth flange 415h of 
the tubular support member 415. A retaining ring 436b that defines a passage 435ba 
fbr receiving the fiflh flange 4151 is received within the recess 435ad of the tubular 
8leeve435aandlscoupledtoanendofaloadtran8f^pln435a The opposite end of 
the load transfer pin 435c is received vyithin the redlal passage 43Sac of the tubular 
sleeve 435a and is coupled to an end of a tubular sleeve 435d that includes a recess 
435da at a first end for receiving the tubular sleeve 435a. and a rady opening 435dc 
fbr receiving a conventional resilient dog 435e. A spring 435f and a ring 435g that 
defines a passage 435ga for receiving the tubular support member 415 are received 
within the recess 435ad of the tubular sleeve 435a between a firetend of the recess 
and the fiflh flange 41 5i of the tubular support member. 

A flret conventional packer cup assembly 440 that defines a passage 440a fbr 
25 receiving the tubular support member 415 includes a first end 440b that mates with the 
fourth flange415g of the tubular support member, a com^entional sealing cup 440c 
and a second end 440d. A tubular spacer 445 that defines a passage 445a fbr 
receiving fl» tubular support member 41 5 Includes a first end 445b that mates with 
second end 440d of the flret packer cupassemWy 440 and a second end 445c. A 
second conventional packer cup assembly 450 that defines a passage 450a fbr 
receiving the tubular support member 415 Includes a firet end 450b that mates with the 
second end 445c of the spacer 445. a conventional sealing cup 450e. and a second 
end 450d that mates with the stepped flange 41 5f of the tubular support member. 

A dog assembly 455 Is provided ttiat Includes a tubular sleeve 455a that defines 
apassage455aaforreoelving the tubularsupport member 415. Afiretendofthe 
tubular sieeve 455a includes a radial ooenlno 455ab farmr^^,. 
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resilient dog 455b. A second end of the tubular sleeve 455a includes a recess 455ac 
and is coupled to an end of a load transfer pin 455a The opposite end of the load 
transfer pin 455c is coupled to a retaining ring 455d that defines a passage 455da for 
receiving the tubular support member 41 5. A tibular sleeve 455e is received within the 
5 recess 455ac of the tubular sleeve 455a that defines a passage 455ea for receiving the 
tubular support mernber 41 5 aixi includes a first end that includes a radial passage 
455eb for receiving the load transfer pin 455c and a recess 455ec for receiving a spring 
455f. A ring 455g that defines a passage 455ga for receiving the tubular support 
member 415 is further received within the leoess 455ecor the tubuter sleeve 45Se 

10 between the spring 455f and the second flange 415e of the tubular support member 
415. A second end of the tubular sleeve 455e includes a radial passage 455ed, 
sealing members, 455ef and 455eg, and a recess 455eh that mates with the first flange 
415b of the tubular support member 415. 

in an exemplary embodiment during operation of the apparatus 400, as 

15 niustratad In fHgs. 6 and 6a-6k, the apparatus may be inltiaily positioned in the welibore 
100, within the casing 1 10, with the dog assemblies 435 and 455 positioned in a 
neutral position in which the radial passage 415d (tf the tubular support member 41 5 is 
fluldicly coupled to the radial passage 455ed of the dog assembly 455 and the 
expansion cone segments 425 are not driven up the tapered hexagonal portion 41 

20 of the expansion cone support body 41^ of the tubular support member 415 Into 
contact with the stop member 320. In this manner, fiuldic materials within the interior 
41 5a of the tubular support member 415 may pass through the radial passages, 41 5d 
and 455ed, into ti^ annulus between the apparatus 400 and the casing 110 thereby 
preventing over pressurization of the annulus. Furthermore, in this manner* the outside 

25 dianieter of the expansion cone segments 425 Is less than or equal to the outside 
diameter of ttie stop member 420 thereby penmitling the apparatus 400 to be displaced 
within the casing 110. 

As illustrated In Figs. 7, and 7a-7c the apparatus 400 may then be positioned in 
the tubidar member 120. During the insertion of the apparatus into the tubular member 

30 120, the upper end 120b of the tubular member may impact the ends of the resilient 
dogs. 435e and 455b, of the dog assemblies, 435 and 455, respectively, thereby 
driving the resilient dogs, 435e and 455b, backwards off of and adjacent to one side of 
the flanges, 415h and 415r, respectively. Asarasuttofthebadcwardaxial 
displacement of the resilient dog 435e, the tubular sleeve 435d. the pin 435c the 

35 rstaining rftig 435b, and Vhe ring 435g of the dog assembly 435 are driven backward 
therebv comoresdna the soring 435f and applying a n axial btosino force to the tubular 
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sleeve 435a thai prevents the expansion cone segments 425 from being displaced 
toward the end stop 420. As a result of the backward axial displacement of the resHient 
dog 455b. the tubular sleeve 455a, the pin 455c the rstaining ring 455d. and the ring 
455g of the dog assembly 455 are driven backward thereby compr«sslng the spring 

465f and applying an axial biasing force to the tubular sleeve 455e that prevents the 
radial passages. 415d and 455ed from being fluldidy decoupled. 

The apparatus 400 may then be at least partlally posHfoned In the open hole 
section 115a of the wenbora sactkin 1 15, beyond the lower end 120c of the tubular 

member120. In an exemplary embodln>ont,lhatportk)nofthe apparatus 400 that 
includes the stop member 420. the expanston cone segments 425. the split ring collar 
430, the dog assembly 435, Ihe packer cup assembly 440, the spacer 445, the packer 
cup assembly 450. and the dog assembly 455 is then posilk)ned In the open hole 
section 1 15a of the wolibore section 1 15. beyond the lower end 120 of the tubular 
member for reasons to be described. Because the dogs. 435e and 455b. of the dog 
15 assemblies. 435 and 455, respectlvaly. are resilient, once the apparatus 400 has been 
positioned In the open hole section 1 15a of the weilbore section 115. beyond the kwver 
end 1 20c of the tubular member 120. the resilient dogs. 435e and 455b, of the dog 
assemblies may spring outwardly In the radial direction. 

The apparatus 400 may then be repositkxied at least partially back within the 
20 tubular member 120. During the rennsertlon of the apparatus into the hjbular member 
120. the tower end 120c of the tubular member may impact the ends of the resilient 
dogs. 435e and 455b. of the dog assemblies, 435 and 455. respectively, thereby 
driving the resOient dogs fonward until the resilient dogs are poslttoned beyond and 
adjacent to the olher sUe of the flanges. 41 5h and 415f. of the tubular support member 
25 415. 

As a result, of the fonmrd axial dlsplaoement of the resilient dog 435e. the 
tubular sleeve 435a. the rstaining ring 435b. the pin 435c the tubular sleeve 435d. the 
spring 435f, and the ring 435g of the dog assembly 435 are displaoed In the Ibnward 
axial direction thereby also displacing the split ring collar 430 and the expanston cone 
segments 425 in the fbroord axial diredton. As a result, the expanston cone segments 
425 are driven up the tapered hexagonal porfton 41Siib of the expanston cone support 
body 415j of the tubular support member 415 into contact wNh the stop member 320. 

As a result of the forward axial displacement of the reslltont dog 455b, the 
tubular stoeve 4S5a. the pin 455c the retaining ring 455d, the tubular steeve 455e. the 

spring 455f. and the ring 455g of the dog assembly 455 are driven fbnwrd In the SDdal 
directton thereby fUdkiy decoupling the radial p anMiniKi stM^^Ao:^ — ■■..ub-... 
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coupling the radial passages 41 5c and 41 5d. As a result fiuidic materials within the 
tubular support member 415 may not pass into the annulus between the tubular 
support member and the tubular member 120. 

As a result of the forward axial displacement of the resilient dog 435e, the 
outside diameter of the expansion cone segments 425 Is now greater than the inside 
diameter of expandable tubular member 120 thereby pennitting the apparatus 400 to 
be used to radially expand and plasUcaly deform the tubular member, and fiuidic 
materials within the interior 415a of the tubular support mennber 415 may no longer 
pass through the radial passages. 415d and 455ed. into the annuli^ between the 
apparatw 400 and the tubular member thereby permitfing the interior of the apparatus 
to be pressurized. 

The apparatus 400 may then be operated to radially expand and plastically 
deform the tubular mennber 120 by applying an upward axial force to the tubular 
support member 415 and/or by injecting a pressurized fiuidic material into the tubular 
support member. 

In particular, as Illustrated in Figs. 8 and 8a-6d. the expandable tubuter member 
120 may then be radially expanded using the apparatus 400 by Injecting a fluldic 
material 275 into the apparatus through the passages 405a. 310a, 415a, and 420a. . 
The injection of the fiuidic material 275 may pressurize the interior 120a of the 
expandable tubular member 120. In addition, because the paclcer cup assemblies^ 440 
and 450, seal off an annular region 120aa below the padcer cup assemblies between 
the expandable tubular member 120 and the tubular support nrtember 415. the ir^ection 
of the fluidic material 275 may also pressurize the annular region. 

The continued Itijection of the fiuidic material 275 may then pressurize the 
Intertor 120a of the expandable tubular member 120 thereby plastical^ deforming and 
radialV expanding the expandsrfble tobular member off of the expansion cone segments 
425. BecaiM the wter surfboes, 42Sbb and 425ba of the expansion oone segmente 
425 are tapered, the plastic delbnraition and radial expansion of the expandable 
tubular member 120 proximate the expansion oone segmente is facilitated. 
Furthermore, in an exennplary embodiment the oonflnued injection of the fluidic 
material 275 also pressurizes the annular region 120aa defined between the intertor 
surface of the expandable tubular member 120 and the exterior surface of the tubular 
support member 415 that is bounded on the upper end by the padcer cup assembly 
440 and on the lower end by the expanston cone segmente 425. Furthemiore. in an 
exenr«)iary embodiment, the pressurizatton of the annular region 120aa also radiaBy 
expancte at teast a portion of the surrounding portion of the expandable tubuly menriber 



120. In this manner, the plastic deformation and radial expansion of the expandable 
tubular member 120 ertfnnced. FurthennorB. during operation of ttie apparatus 300. 
the packer cup assend)nes 440 and 450 prevent the pressurized fluldic material 275 
frwn passing above and beyond the padcer cup assemblies and thereby define the 
5 length of the pressurized annular region 120aa. In an exemplary enr*odlment, the 
pressurization of the annutar region 120aa decreases the operating pressures req uired 
for plastic defbnration and radial expansion of the eKpandabia tubular member 120 by 

as nviGh as 50% and also rsduces the angle of attack of the tapered external surfaces. 
4^b and 425bc of the ocpanskm oone segments 425. 

10 The radial expanston of the expandable tubular member 120 may then continue 

until the upper end 120b of the expandable tubular member Is radially expanded and 
plastically defonned along with the overlapping portion of the weUboie casing 110. 
Because the expansion cone segments 425 may be adJustiMy posHkmed from art 
outside diameter less than the inside diameter of the exparalable tubular member 120 
15 to an outside diameter substantially equal to the inside diameter of the pre^xisUng 
casing 1 10, the resulting wellbore casing, Including the casing 110 and the radially 
expanded tubular member 120. created by the operatton of the apparatus 400 may 
have a single substantialiy constant insUe diameter thereby provMing a mono-diameter 
wellbore casing. 

During the radial expansion process, the expanskm cone segments 425 may be 
raised out of the wcpanded portion of the tubular member 120 by applying an upward 
axbl fbrce to the tubular support member 41 5. In a preferred embodiment, during the 
radial expansion process, the expanston cone segments 425 ate raised at 
approximately the same rate as the tubular member 120 Is expanded In order to keep 
the tubular member stattonary relative to ttie new wellbore sectfon 1 1 5. 

In a preferred embodiment, when the upper end portton of the ttcpandaUe 
tubular member 1 20 and the tower poitton of the wellbore casing 110 that overlap with 
one another are plasttoally defonned and radial^ expanded by ttie expwston oone 
segments 425, the expansion oone segments are displaced out of the welbore 100 by 
both the operating pressure within the interior of the tubular member 1^ and a 
upwardly directed axial fbrce applied to the tutNjIar support nwmber 405. 

In a prefened embodiment, the operating pressure end flow rate of the fluldic 
material 275 is oontrollably ramped down when the expanston cone segments 425 
reach the upper end portton of the expandabto tubular member 120. In this manner, 
the sudden release of pressure caused by the complete radial expanston and plastto 
deformatton of the expandabto tubular member 120 off of the expansion cone 
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segments 425 can be minimized. In a preferred embodiment, the operating pressure is 
reduced in a substantially linear fashion from 100% to about 10% durir^ the end of the 
extrusion process beginning when the expansion cone segments 425 are within about 
5 feet (1 .524 m) from completton of the extnision process. 
5 Alterr^vely. or in combination, the wall thidcness of the upper end portion of 

the extendable tubular member 120 is tapered in order to gradually reduce the 
required operating pressure for plastically defonning and radially expanding the upper 
end portion of the tubular member. In this manner, shock loading of the apparatus is at 
least reduced. 

10 AHemativeiy, or in combination, a shodc absorber is provided in the tubular 

support member 405 in order to absorb the shock caused by the sudden release of 
pressure. The shock absorber may comprise, for example, any conventtonal 
commmdally avaflable shock absorber, bumper sub. or Jars adapted for use in weilbore 
operations. 

IS Alternatively, or in combination, an expansion cone catching structure Is 

provided In the upper end portton of the expandable tubular member 120 in order to 
catch or at least decelerate the expansion cone segments 425. 

Attematively, or in combination, during the radial expansion process, an upward 
axial force is applied to the tubular support member 415 suffkdent to plastically deform 

20 and radially expand the tubular member 120 off of the extemai surfeces, 22Sbb and 
225bc, of the expansion cone segments 425. 

Altematively, or In combination, in order to fticBitate the pressurizatton of the 
interior 120a of the expandable tubular member by the injection of the fluidic materials 
275, the region within the weilbore section 1 15 below the apparatus 400 may be 

25 fluididy sealed off in a conventton manner using, for example, a pack«^. 

Once the radial expanston [mx:ess is completed, the tubular supped member 
405, the tubular support member 410, he tubular support merTA>er 415, the end stop 
420. the expanston cone segments 425. the split ring collar 430. the dog assembly 435, 
the packer cup assembly 440. the spacer 445. the packer cup assembly 450. and the 

30 dog assenrtbly 455 are removed from the wellbores 100 and 1 1 5. 

Referring now to Figs. 9, 9a, 10 and 10a. an embodiment of an adjustable 
e)9ansk>n cone assembly 500 will be described. The assembly 500 Includes a tubular 
support member 505 that defines a passage 505a and includes a flange 505b, an 
expansion cone support flange assembly 505c and an end stop 505d, The ©cpansion 

35 cone support flange assembly 505c Includes a tubuter body 505ca and a plurality of 
equally spaced apart expanskvi cone segment support members 50Scb that extend 



outwardly 1mm the tubular body in the rmfiai direction ttiat each bKtude Identical bases 
SOScba and extensions 505cbb. The support members 505cb further include first 
sections SOSebc laving arcuate conical outer surfaces and second sections 505cbd 
having arcuate qrlindrlcal outer surfaces for reasons to be described. 

An expansion oone segment assembly 510 is provided that includes a tubular 
support 510a defining a passage SlOaa for receiving the tubular support member 505 
and a slot S10ab. A phirality of spaced apart and substantially identical resilient 
e)4)an8ion cone segment ooliets 510b extend from the tubular support 510a in the axial 
direction that include expansion cone segments 510ba extending theiefiom In the axial 
directiOT. Each of the mpansion cone segments Slittia further Include arcuate conical 
expansion surfaces SlObaa for radially expanding an expandable tubular member. 

A split ring collar 51 5 Is provided that defines a passage 51 5a for receiving the 
tubular support member 505 that includes an L-shaped retaining member 515b at one 
end for mating with the slot 510ab of the tubular support 510a of the expansion cone 
segment assembly 51 0. Another end of the split ring oollar 515 Includes an L-shaped 
retaining member 515c. A tubular sleeve 520 is provided that defines a passage 520a 
for receiving the tubular support member 505 that includes a skA 520b for receiving the 
L-shaped retaining member 51 Sc of the split ring collar 515. 

During operation of the assembly 500. as inustrated In Figs. 9 and 9a, in an 
unexpended position, the expansion cone segments SlOba of the expansion cone 
segntent assembly 510 are positioned adjacent to the base of the conical section 
505cbc of ttte e}q>ansion cone segment support members 505cb with the outside 
diameter of the ncparoion cone segments less than or equal to the maximum outside 
diameter of the assembly. As illustiated \n 10 and 10a. the assembly 500 may 
then be expanded by displacing the tubular sleeve 520. the split ring ooiiar 515. and the 
expansion oone segment assembly 510 in the axial diredion tOMnids ihe expansion 
oone segment support members SOScb. As a result, the expansion cone segments 
51 Oba are driven up the conical section 505cbc of the expansion cone segment 
support members 50Scb and then onto the ^ndricai section 505cbd of the expansion 
cone segment support members until the expensfon cone segments Impact the end 
stop 505d. In this manner, the outside diameter of the ttqpansion se^nents 510ba Is 
greater than the maxlnuim diameter of the remairting components of the assembly 500. 
Furthenmore. the conical outer surfaces 51 Obaa of the expansion cone s^ments 
510l)a may now be used to radially expand a tubular member. Notethatthe 
extensions 505cbb of the expansion cone segment support members 505cb provide 
support In the drcumferential direction to the adjace nt expandon cone segments 
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SlOba. In an exeniptary en4)0d!ment, the outer conical surfaces SlObaa of the 
expansion cone segments SlOba in the expanded position of the assenibly 500 provide 
a substantially continuous outer conical surftices in the drcumferential direction. 
The assenit)ly 500 may then be returned to the unocpanded posHion bjf 

5 displacing the tubular sleeve 520. the split ring collar 515. and the ocpansion cone 
segment assembly 510 in the axial direcdon away from the expansion oone segment 
support members 505cb. As a result, the expansion cone segments 51 Oba are 
displaced off of the cylindrical secGon 505cbd and the conical section SOScbc of the 
e}q)an8ion cone segment support members SOScb. Because the coDsts 510b of the 

10 expansion cone segment assamt^ 510 are resilient, the expandon segments 510ba 
are thereby returned to a position in witleh-the outside diameter of the expansion oone 
segments is less than or equal to the maximum diameter of the remaining components 
ofthe assembly 500. 

In several altsmative embodiments, the assembly 500 Is inoorpofated hto the 

15 assemblies 200. 300 and/or 400. 

lining now to Figs. 1 1, 11a. 12 and 12a, an embodiment of an adjustable 
tttpanslon cone assembly 600 will be described. The assembly 600 Includes a tubular 
support member 60S that defines a passage 605a and includes an nqsansion cone 
support flange assembly 605b, and an end stop 605a The expansion cone support 

20 flange assembly 605b includes a tubular body 605ba and a plurality of equally spaced 
apart expansion cone segment substantially identical support members 605bb that 
extend outwardly from the tubular body in the radial direction. The support members 
605bb further include first sections 605bba having arcuate cylndrical outer surfaces, 
second sections 605bbb having arcuate conical outer surteces, and tMrd sections 

25 609)bc having arcuate ^nditeai outer surfaces for reasons to be described. 

An expansion cone segnram assentfily 610 Is provided that Includes a tiiMiar 
support 610a ddining a passage 610aa for receiving the tubular support member 605 
and a slot eiOab. A plurality of spaced apart and substanlially identical raslient 
expansion cone segment collets 61 Ob extend lirom the tubular support 610a In the axial 

30 direction that indude expansion cone segnrants610ba extending therefrom In the axial 
direction. Each of the expand cone segments 610ba further include arcuate conical 
expaiBlon surfaces 610baa for radially expand'ng an expandable tubular member. 

A split ring collar 615 is provUed that defines a passage 615a for receiving ttw 
bdMiar support member 605 that includes an L-shaped retaining member 615b at one 

35 end for mating with the slot 61 Oab of the tubu^ support 610a of the expand oone 
segment assembly 610. Another end of the split rin g ooBar 615 includes an L-shaped 
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retaining member 615c. A tubular sleeve 620 is provided that defines a passage 620a 
for receiving the tubular support member 605 that Includes a slot 620b for receiving the 
L-6haped retaining member 615c of the spOt ring collar 615. 

Dumig operation of the assembly 600. as Illustrated in Figs. 11 and 11 a, in an 
S unexpended position, the expansion cone segments GlOba of the expansion cone 
segment assembly 610 are posWmed on the cylindrical section 605bba, adjacent to 
the base of the conical section 605bbb, of the expansion cone segment support 
members 605bb with the outside dlamtar of the expansion cone segments less than 
or equal to the maximum outside diameter of the assembly. As illustrated in Figs. 1 2 

10 and 1 2a. the assembly 600 may then be expanded \v displacing the tubular sleeve 
620, the spUt ring collar 61 5. and the expansion cone segment assembly 61 0 in the 
axial direction towards the expansion cone segment support members 605bb. As a 
result, the expansion cone segments 610ba are driven up the conical secUon 605bbb 
of the expansion cone segment support members 605bb and then onto the cylindrical 

15 section 605bbc of the expansion cone segment support members until the expansion 
cone segments Impact the end stop 605c. In this manner, the outside diameter of the 
e)9)ansion segments 610ba is greater than the maximum diameter of the remainir^ 
components of the assembly 600. Furthermore, the conical outer surfaces 610baa of 
the expansion cone segments 610ba may now be used to radially expand a tubular 

20 member. In an emmplary embodiment the outer conical surfaces 610baa of the 

expansion cone segments 610ba in the expanded position of the assembly 600 provide 
a substantially continuous outer conical surfaces in the circumferential direction. 

The assembly 600 may then be returned to the unexpended position by 
displadng the tubular sleeve 620, the spDt ring collar 615, and the expansion cone 

25 segment assembly 610 in the axial direction away from the expansion cone segment 
suppon members 605bb. As a result, the expansion cone segments eiOba are 
displaced off of the cylindrical section GOSbbc and the conical section 605bbb and back 
onto the cyDndricai section 605bba of the expansion cone segment support members 
605bb. Because the collets 6t0b of the expansion cone segment assembly 610 are 

30 resinent, the expansion segments 610ba are ther^y returned to a position In which the 
outside diameter of the expansion cone segments is less than or equal to the maximum 
diameter of the remaining components of the assembty 600. 

In several altemativB embodiments, the assembly 600 Is Incorporated into the 
assembOes 200, 300 and/or 400. 

35 Referring now to Figs. 13, 13a. 13b. 13c 14 and 14a, an embodiment of an 
aiiSustable expanston cone assembly 700 will be de scribed. The assembly 700 



indudes a tubular support member 705 tttat defines a passage 705a and includes an 
expansion cone support flange assembly 7(^b, and an end stop 70So. The expansion 
cone support flange assembly 705b Includes a tubular body 705ba and a plurality of 
equally spaced apart expansion cone segment substantially identical support members 

5 705bb that extend outwardly from the tubular body in the radial direction. The support 
members 705bb further include first sections 705bba having arcuate cylindrical outer 
surfaces, second sections 705bbb having arcuate conical outer surfaces, and third 
sections 705bbc having arcuate ^ndrical outer surftees for reasons to be described. 
An expansion cone segment assembly 710 Is provided ti^t indiKles a first 

10 tubular support 710a defining a passage 710aa for receiving the tubular support 
member 705 that includes a slot 710ab and a second tubular support 710b defirring a 
passage 710ba for recehring the tubular support member 705 that includes a plurality of 
spaced apart and suriastantially identical axial $i(4s 71(H>b. A pluiality of spaced apart 
and substantially identical resllent expansion cone segment collets 710ac extend from 

15 the first tubular support 71 Oa in the axial direction and are received within 

corresponding ones of the axial slots 710bb In the second tubular support 710b that 
include substantially identicat expansbn cone segments 710aca extending therefrom In 
the axial direction. A pluraiity of spaced apart and substantlany Identical resilient 
expansion cone segment collets 710bc extend from the second tubular support 710b in 

20 me axial direction that are interieaved and overlap with the expansion cone segment 
ooDets 710ac and that Include substantidlly identical expansion cone segments 710bce 
extending therefrom in the axial direction. Each of the expansion cone segments, 
710aca and 710bca, further include arcuate conical expansion surfaces. TlOacaa and 
710bcaa. respectiveiy. for radially expanding an expandable tubular member. A 

25 piuraHty of pins 715a-715d couple the expansion cone segment collets 710ac to the 
second tubular support 710b. 

Asplit ring coiiar 720 is provided that defines a pessage 720a for receiving the 
tubular support member 705 that includes an L-ehaped retaining member 720b at one 
end for mating with the slot 710ab of the first tubular support 71 Oa of the expansion 

30 cone segment assembly 710. Another end of the spilt ring collar 720 includes an L- 
shapedretainbig member 720c A tubular sleeve 725 is provided that defines a 
passage 725a for recehrfng the tubular support nriember 705 that includes a stot 725b 
fbr receiving the L-shaped retaining member 720c of the split rhg coiiar 720. 

During operation of the assembly 700. as niustrated in Figs. 13, 13a, 13b, and 

35 13c in an unexpended position, the expand cone secants 710aca of the 
expansion cone segment assembly 710 overlap with and are positioned over the 



expansion cone segments 710bca of the expansion cone segnient assemt)!/, adjacent 
to the basB of the conical section 705bbb, of the expansion cone segment support 
members 705bb v^th the outside diameter of the expansion cone segments less than 
or equal to the maximum outside dtameter of the assembly. As illustrated In Figs. 14 
5 and 14a» the assembly 700 may then be expanded by displacing the tubular sleeve 
725, the spilt ring collar 720, and the expansion cone segment assembly 710 in the 
axial direction towards the expansion cone segment support members 705bb. As a 
result, the expansion cone segments, 710aca and 710bca, are driven up the conical 
section 705bbb of the expansion oone segment support menr4>er$ 70Sbb and then onto 

10 the cylindrical section 705bbc of the expansion cone segment support members unfit 
the expansk)n oone segments Impact the end stop 705a In this manner, the outside 
diameter of the expansion segments, 710aca and 710bca» is greater than the 
maximum diameter of the remaining components of the assembly 700. Furthemnore. 
the conical outer surfeces, 710acaa and 710bcaa. of the expansion cone segments, 

IS 710aca and 710bca. respectively, may now be used to radially expand a tubular 
member. In an exemplary embodiment, the outer conical surfaces, 710acaa and 
710bcaa. of the expansion cone segments, 710aca and 710bca, respectively, ki the 
expanded petition of the assen^ly 700 provide a substantially continuous outer conical 
surfaces in the drcumferentia! direction. 

20 The assembly 700 may then be returned to the unexpended position by 

displacing the tubular sleeve 720, the split ring collar 715, and the expansion cone 
segment assembly 710 in the axial direction away from the expansion oone segment 
support members 705bb. As a result, the expansion cone segments, 710aca and 
710bca, are displaced off of the cylindrical section 705bbc and the conical section 

25 70Sbbb and bade onto the cylindrical section 705bba of the expansion cone segment 
support members 70Sbb. Because the oollet8,710acand710bc of the e)9ansion 
cone segment assembly 710 are resilient, the expansion segments, 710aca and 
710bca, are thereby retunwt to a position h wMch the outside diameter of the 
expansion oone segments is less than or equal to the maximum diameter of the 

30 remaining components of the assembly 700. 

In several alternative embodiments, the assembly 700 is Incorporated into the 
assemblies 200. 300 and/or 400. 

Refenring to Rgs. 15 and 15a-15J, an attemative emtxxJiment of an apparatus 
800 for fomning a wellbore casing in a subtenenean fbnnation wU now 1^ described. 

35 The apparatLs 800 inchjdes a titular support member 805 defining an intentai 

passage 80Sa that Is coupled to an end of a tubular couping 810 defining an internal 
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passage 810a. The other end of the tubular coupling 810 is coupled to an end of a 
tubular support member 815 defining an internal passage 815a having a throat 
passage 81 5aa that includes a first radial p^sage 81 5b, a first flange 81 5c having a 
second radial passage 81 5d, a second flange 815e having opposite shoulders, 61 Sea 

5 and 815eb, a third flange 81Sf, and an exparaion cone support body BISg. The other 
end (tf the tubular support member 81 5 Is coupled to a tubular end stop 820 that 
defines a passage 820a. 

As illustrated in Figs. 15d and 15e. the expansion cone support body 81 5g 
Includes a first end BISga, a tapered hexagonal portion 815gb that includes a plurality 

10 oTT-shaped slots aiSgba provided on each of the external faceted surfiBcas or the 

tapered hexagonal portton. and a second end 815ga in an exempiary embodiment, 
the angle of attack of the tapered hexagonal portion B15gb ranges from about 35 to 50 

degrees tor reasons to be described. 

As lOustrated in Figs. IS. 1Sa-15c. and 15f-15j, a plurality of expansion cone 

15 segments 825 are provided that Include first ends 825a that include T-shaped retaining 
membere 825aa and second ends 825b that include T-«haped retaining members 
829>a that mate with and are received within corresponding T-shaped slots 815gba on 
the tapered hexagonal portion 815gb of the expansion cone support body 81 5g. first 
external wirfaces 825bb, second external surfaces 825bc and third extemal surfaces 

20 825bd. Thus, In an exemplary embodiment a total of sbc expansion cone segments 
825 are provided that are slidably coupled to corresponding sides of the tapered 
hexagonal portion 815gb of the expansion cone support body 815g. 

in an exemplary embodiment, the widths of the first extemal surfaces 825bb of 
the expansion cone segments 825 Increase in the direction of the second external 

25 surft»es825bc the widths of ttie second external surfaces are subetantiaBy constant, 
and the widths of the third external surfaces 825bd decreaee In the direction of the first 
ends 825a of the expansion oone segments for reasons to be described. Inan 

exemplary embodiment, the first extemal surfaces 825bb of the expansion cone 
segments 825 taper upvvaidly in the direction of the second extemal surfaces 82Sbc, 

30 the second ttdemai surfaces teperiqjwardiy in the direction of the third extemal 
surfeoes 825bd. and the third extemal surfaces 825bd taper downwardly in the 
direction of the first ends 825a of the expansion cone segmente for reasons to be 
described. In an exemplary embodiment, the angle of attadc of the taper of the firet 
extemal surteces 825bb of the expansion cone segments 825 are greater than the 

35 angte of attadc of the taper of the second extentel surfaces 825bc. In an exemplaiy 
ambodimenL the first and second extemal surfaces . 825bb and 82Sbc of the 
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expansion cone segments 825 are arcuate such ttiat vvhen the expansion cone 
segments 825 are displaced in the (firection of the end stop 420. the first and second 
external surfaces of the expansion cone segments provide a substantially cwitinuous 
outer circumferential surface for reasons to tM descriised. 
5 As illustrated in Fig. 151, in an exen^iary emboefiment. the external surfeoes, 

825bb. 82Sbc and 825bd. of the second ends 8^ of the expansion cone segments 
825 are adapted to mate with one another in order to interiodt adjacent expansion 
cone segments. 

A split ring collar 830 that defines a passage 830a for receiving the tubular 

1 0 support member 815 Is provided that includes a first end that includes pluralty of T- 
shaped slots 830b for reoelving and mating with corresponding T-shaped retaining 
membere 825aa of the e)9anslon cone segments 825 and a second end that includes 
an L-shaped retaining member 830& In an exemplary embodiment, the split ring collar 
830 is a conventional spDt ring collar commerdaiiy avallabie from IHalliburton Energy 

1 5 Services modified in accordance with the teachings of the present disclosure. 

A dog assembly 835 is provided that fridudes a tubular sleeve 835a that defines 
a passage 835aa for receiving the tubular support member 815 and includes a slot 
835ab for receiving and mating with the L-shaped retaining member 830c of the split 
ring collar 830, a oounterbore 835ac and a radial passage 835ad. An end of a load 

20 transfer pin 835b passes through the radial passage 835ad and is coupled to a 
retaining ring 835c that defines a passage 835ca for receiving the flange 81 5f of the 
tubutar support member 81 5 and is rec^vad within the counterbore 835ac of the 
tubular sleeve. A ring B35d that defines a passage 83Sda for receiving the tubular 
support member 815 and a spring 835e are also received withb) the counterbore 835ac 

25 of the tubular sleeve 835a between the flange 8isr and the end of the countertMre. 
The other end of the load trensfiar pin 835b Is coupled to an end of a tubular sleeve 
835f that includes a oounterbore 83Sfe for receiving the tubular sleeve 835a, a radial 
passage 835fb fbr recehring aoonvenHonal rBsiiisntdog83Sg, a oounterbore 835liB for 
receiving and mating with the flange 815e of the tubular support mentber 815, a flan^ 

30 S35fd, and a flange 83Sfeindudingcounterbores,835ff and 835fg, that mate with and 
receive the flange 81 5c of the tubular support member, and a radial passage 835fh. 

A first conventional padrar cup assembly 840 that d^es a passage 440a for 
recdving the tubular sleeve 835f hdudes a flrst end 840b that mates with the flange 
835fd of the tubular sleeve 835f. a conventional sealing cup 840c. and a second mi 

35 840d. A tubular spacer 845 that defines a passage 845a for receiving the tubular 
sleeve 835f Includes a firet end 845b that mates with the second end 840d of the first 



packer cup assembly 840 and a second end 845c A second convenHonal packer cup 
assembly 850 that defines a passage 650a for receiving the tubular sleeve 835f 
includes a first end 850b that mates with the second end 845c oX the spacer 845, a 
conventional seaHng cup 850c, and a second end 850d that mates with the flange 

5 835fe of the tubular sleeve. 

In an exemplary embodiment, during operatfcm of the apparatus 800. as 
iUustfated In Figs. 15 and 15a-1^. the apparatus may be Irritially positioned In the 
weObore 100, wHhbn the casing 1 10. with ttie dog assembly 835 positioned in a neutral 
position in which the radial passage 81Sd of the tubular siqiport member 815 is fluidiciy 

10 coupled to the radial passage 835fh of the dog assembly 835 and the expansion cone 
segments 825 are not driven up the tapered hexagonal pprfion 815gb of the expansion 
cone support body 815g of the tubular support member 815 into contact with the stop 
member 320. in this manner, fluidic materials within the Interior 815a of the tubular 
support member 815 may pass through the radial passages, 815d and 835fh, into the 

15 annulus between the apparatus 800 and the casing 1 10 thereby preventing over 

pressurization of the annulus. Furthennore, In this manner, the outside diameter of the 
expansion cone segments 825 Is less than or equal to the outside diameter of the stop 
member 820 thoeby pemnitting the apparatus 800 to be displaced within the casing 
110. 

20 As illustrated in Figs. 16, and 16a-16c the apparatus 800 may then be 

positioned in the tubular member 120. During the insertton of the apparatus into the 
tubular member 120, the upper end 120b of the tubular member may impact the end of 
the reslKent dog 835g of the dog assembly 835 thereby driving the resilient dog 835g 
backwards onto the shoulder 815ea of the flange 815e of the tubular support mentber 

25 815. As a result of the backward axial dispiaoementof the resilient dog 835g, the 
tubular sleeve 835f. the 835b. the retaining ring 835c the ling 83Sd. and the spring 
835e of the dog assembly 835 are driven backward thereby compressing the spring 
835e and applyfaig an axial biasing force to ttte tubular sleeve 835a that prevents the 
expanskm cone segments 825 from being (flsplaced toward the end stop 820. 

30 The apparatus 800 may then be at least partially positioned m the open hole 

section 115a of the waUbore section 1 1 5. beyond the lower end 120c of the tubular 
inember120. In an exemplary embodiment, that portion of the apparatus 800 that 
includes the stop memt)er 820, the expanskm cone segnients 825, the spfit ring cdiar 
830, and the dog assembly 835 Is then posittoned in the open hole section 11 5a of the 

35 vvelboresectton 11 5. beyond the tower end 120 of the tubular member for reasons to 
bedescribed. Because the dog 835g of the dog assembly 835 is resilent once the 



apparatus 800 has been positioned in the open hole section 1 15a of the wellt>ore 
section 1 15, beyond the lower end 120c of the tubular member 1 20. the resilient dog of 
the dog assembly may spring outwardly in the radial directkm. 

The apparatus 800 may then be repositioned at least partially back within the 
tubular member 120. During the re-insertion of the apparatus into the tidndar member 
1 20. ttie tower end 120c of the tubular membernray impact the ends of the resilient 
dog 835g of the dog assembly 835 thereby driving the resilient dog fbraod until the 
resflient dog is positioned onto ttie shouMer 815eb of tiie flange 81 5e of the tubular 
support member 815. 

As a resultof the fonward axial displacement of the resilient dog 835g. ttie 
tubular sleeve 835f. ttie spring 835e. ttie ring 835d. ttie ring 835c ttw pin 835b, and ttie 
tubi^ sleeve 835a are displaced in ttie fbnvard axial direction ttieretty also dtepladng 
ttie split ring collar 830 and ttw expanston cone segments 825 in ttie forward axial 
direction. As a result, ttie expanskm cone segments 825 are driven up ttie tapered 
hexagonal portion 81 5gb of ttie expansion cone support body 81 5g of ttie tubular 
support member 81 5 into contact witti ttie stop member 320. Furthermore, as a result 
of the fonvard axial displacement of ttie tubular sleeve B35f. ttie radial passages, 81 5d 
and 835fti, are fluidicly decoupled. As a result fluidic materials wlttiin ttie tubular 
support member 815 may not pass into ttie annulus between ttie tubular support 
member and ttie tubular member 120. 

As a result of ttie fionward axial displacement of ttie resilient dog 435e, ttie 
outside diameter of ttie expansion cone segments 825 is now greater ttian ttie Inside 
diameter of expandabte tubular member 120 ttiereby penmitting ttie apparatus 800 to 
be used to radially expand and plastically deform ttw tubular member, and flukflc 
materials wtttibi ttie InterhM- 815a of ttie tubular support momber 815 may no longer 
pass ttvough ttie radial passages. 815d and 455ed.fcito ttie annulus between ttie 
apparalie 800 and ttie tubular member ttiersby perniHting ttie Interkir of ttie apparatus 
to be pressurized. 

The apparatus 800 may ttien be operated to radially expand and pla^lly 
deform ttie tubular member 120 by applying an upward axial force to ttie tubular 
support member 815 anUor by injecting a pressurized fluUte material into ttie tubular 
support member. 

In partial, as Illustrated In Figs. 17 and 17a-17c ttie expandable tubular 
menfter 120 may ttien be radialy expanded using ttw apparatus 800 by injectbig a 
flulrSc material 275 Into ttw apparatus ttirough ttw passages 805a. 810a. 815a. and 
820a The InjecBoncTttw fluidic material 275 may pressurize ttw kiterior 120a of ttw 
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expandable tubular member 120. In addition, because the packer cup assemblies. 840 
and 850, seal off an annular region 120aa bdcwthe packer cup assend)ltes between 
the expandable tubular member 120 and the tubular support member 815. the Injection 
of the fluidic material 275 may also pressurize the annular region. 

The continued Injectton of the fluidle material 275 may then pressurize the 

interior 120a of the expandable tubular member 120 thereby plasticaly deforming and 
radially etcpanding the expandable tubular member dff of the expansion cone segmertfs 
825. Because the outer surfaces. 825bb and 825bc of the expansion cone segmente 
82S five tepered. the pMSo defonnation and radial expansion of the expandabte 
tubular member 120 proximate the expand oone segmente is tedlitated. 
Furthermore, in an exemplaiy embodiment, the continued injection of the Huidic 
material 275 also pressurizes the annular regton 120aa defined between the interfc>r 
suftece of the expandable tubular member 120 and the exterior surface of the tubular 
support member 81 5 that Is bounded on the upper end by the packer cup assembly 
840 and on the lower end by the expansion oone segmente 825. Furthemwre, in an 
exemplary embodiment, the pressurlzatton of the annular region 120aa also radially 
expands at least a portton of the surrounding portion of the expandable tubular member 
120. In this manner, the plastic deformation and radial expanston of the exjMndable 
tubular member 120 Is enhanced. Furthermore, during operatfon of the apparatus 300, 
the packer cup assemblies 840 and 850 prevent the pressurized flukllc material 275 
from passing above and beyond the packer cup assemblies and thereby define the 
length of the pressurized annular region 120aa. In an exemplary embodiment, flie 
pressurizalkm of the annuter regton 120aa decreases the operating pressures required 
for ptestle defonnation and radtal expanston of the expandabte tubuter member 120 by 
as much as 50% and also reduces Ihe angto of attack of the tapered external surfaces. 

825bb and 825be, of the expansion cone segmente 825. 

The radtel expanston of the expandabte tubuter member 120 may then oontimie 
until the upper end 120b of the expandabte tubular member b radtelly expanded and 
ptestkaDy defbnned atong with the overtapping portton of the wellbore casing 1 10. 
Because the expanston cone segmente 825 may be adjustably posittoned from an 
outsMe dtemeter tess than the insMe diameter of the expandable tubuter member 120 
to an outeUe diameter substentteBy equal to the inskle diameter of the preexisting 
casing 1 10, the resulting wellbore casing, including the casing 1 10 and the radteOy 
expanded tubuter member 1 20. created by the operation of the apparatus 800 nay 
have e singte substentteJIy constant Inside dtemeter ttiereby provWing a momHitemeter 
wellbore casing. 
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During the radial expansion process, the expansion cone segnients 825 may be 
rateed out of the expanded portion 61 the tutHilar tnomber 120 by applying an upward 
axial force to the tubular support member 815. In a prtferred embodbnent, during the 
radial expansion process, the expansion cone segments 825 are neiised at 
5 approximately the same rate as ttm tubular member 120 is expanded in order to lieep 
the tubular member stationary relative to the new wellbore section 115. 

In a prefenred embodiment when the upper end portion of the expandable 
tubular member 120 and the lower portion of the wellbore casing 1 10 that overtap with 
one another are plastically deformed and radially expanded by the expanston cone 
10 segments 825, the expansion cone segments are displaced out of the wellbore 100 by 
both the operating pressure within the interior of the tubular member 120 and a 
upwardly directed axial force applied to the tubular support nr^mber 405. 

In a prefened embodlmwt, the operating pressure and flow rate of the flindic 
material 275 is controllably ramped down when the expansion cone segments 825 
15 reach the upper end portion of the expandable tubular member 120. In this manner, 
the sudden release of pressure caused by the complete radial expansion and plastic 
defomwtion of the expandable tubular member 120 off of the expansion cone 
segments 825 can be minimized- In a preferred embodiment, the operating pressure Is 
reduced in a substantially linear fashion from 100% to about 10% during the end of the 
20 extrusion process beginning when the expansion cone segments 825 are within about 
5 feet (1 .524 m) from completion of the extmslon process. 

Altematively, or in combination, the wall thldmess of the upper end portion of 
the expandable tubular member 120 is tapered In order to gradually reduce the 
required operating pressure for plastically defbnning and radially expanding the upper 
end portion of the tubular member. In thte manner, shock loading of the apparatus is at 
least reduced. 

Alternatively, or in combination, a shock absorber Is provMed in the tubular 
support member 805 in order to absorti the shock caused by the sudden release of 
pressure. The shock absorber may comprise, for example, any OKiventional 
commerdaily available shock absort>er. bumper sub, or jars adapted (or use bi wellbore 
operations. 

Alternatively, or In combination, an expansion cone catc*iing stwdure is 
provided in the upper end portion of the expandable tubular member 120 in order to 
catch or at least decelerate the expansion cone segments 825. 

Altematively, or in combination, during the radial expanskxi proc^, an upward 
axial force is appled to the tubular support member 815 suffkfent to plastically deform 



and radially expand the tubular member 120 off of the external surfaces. 225bb and 
225bc of the expansion cone segments 825. 

Alternatively, or in combination, in order to fedlitate the fHiessuiization of the 
interior 120a of the expanctabie tubular member by the frvection of the fluldic materials 
275. the region witMn the wBllboie section llSbelow the apparatus 800 may be 
fydidy sealed off in a oonventbn maram using, for example, a padcer. 

Onoe the radial expansion process is completed, the tubular support member 
805. the tubular support member 81 0, the tubular support membor 815, ttie ortd stop 
820, the expansion cone segnrants 825. the spnt ring oollar 830. the dog assembly 835, 
the padcer cup assembly 840. the spacer 845. and the packer cup assembly 850 are 

removed from the weBboras 100 ar^ 115. 

If the expansion cone segments 825 become lodged within the expandable 
tubular member 120 during the radial expansion process, then a ball 280 may be 
placed in the throat 815aa of the passage 815a of the tubular support mwnber 81 5. 
The continued Injection of the fluldic matertel 275 foilowing the placement of the ball 
280 In the throat 81 5aa of the passage 815a of the tubular support member v((ill then 
pressurize the radial passage 815b and an annular portion 835^ of the countertwre 
835fg. As a result of the pressurization of the annular portion 835fga of the 
countertjore 835fg. the tubular sleeve 835f, the pin 835b. the retaining ring 835c. the 
ring 835d. the spring 835e. and the tubular sleeve 835a of the dog assembly 835, and 
the spilt ring collar 830 are driven backward thereby displacing the expansion cone 
segments 825 badcwards in the axial direction away firom the end stop 820. Inthis 
manner, the outside diameter of the expansion oone segments 825 is thereby reduced 
and the apparatus 800 may then be removed from the expandable tubular member 
120. 

Reigning now to Figs. 18a. 18b. 18c. and 18d, an embodiment of an adjustable 
expansion oone assembly 900 will be described. The assembly 900 Includes a tubular 
support member 90S that defines a passage 005a and includes an expansion cone 
support flange asserhbly 90Sb that is coupled to an end slop 910 that defines a 
passage 910a. The expansion oone wppon flange assonbly 90Sb Indudes a first 
tubular end 905ba, a second tutxjlar end 905bb, and an Intermediate hexagonal 
oonleal tubular body 905bc that indudes a plurality of substantially identical and equally 
^ced apart expulsion cone segment support slots 905bcaa-905bcaf on each of the 
facets of the hexagonal tubular body. 

A pluiaBty of first e)pansion cone segments 915a-915c are provided that 
indude T-shaped retaining members 915aa-915ca that mate with and are movably 



received within the T-shaped slots 905bcaa, 905bcac. and 90St>cae of the hexagonal 
conical tubular body QOSbc of the wpansion cone support ammbly 905b. T-shaped 
retaining members 915ab-915cb, exterior top surfiaoes 91Sao^15oc, exterior top 
surbces 915ad-915cd, exterior top surfaces 915ae-915oe, exterior top surfiax^s 915af- 
5 915cf, and exterfcn* top »jrfeoes 915ag-915cg. In an exemplary embodiment, the 
extericn* top surfaces 915ao-91Soc and the exterior top surfeioes 91Sad-915cd are 
arcuate conical s wtaces in which the angle <tf attadc of the exterior top surfeces 91 5ao- 
915CC » greater than the angle of attack of the exterior top surfaces 915ad-915cd. 

A plirality of second expansion cone segments 920a-920c that are hterieaved 

10 with and complementary shaped to the first expansion oone segments 91Sa-915c. are 
also provided that include T-ehaped rriaining mend)ers g20aa*920ca that mate with 
and are movabiy received within the T-shaped slots 905bcab, 905bcad. and 905bcaf of 
the hexagonal conical tubular body 905bc of the expansion cone support assembly 
905b, T-shaped retaining members 920ab-920cb, exterior top sur^ces 920ac-920cc, 

1 5 exterior top surfeces 920ad-g20cd, exterior top surfaces 920ae-920Qe, exterior top 
surfaces 920af-920cf. and exterior top ^aces 920ag-920cg. In an exemplary 
embodiment, the exterior top surfaces 920ao-920cc and the exterior top surfeces 
920ad-920cd are arcuate conical surfaces in which the angle of attack of the exterior 
top surfeces 920ao920cc is greater than the angle of attack of the exterior top 

20 surfaces 920ad-920cd. 

A split ring collar 925 is provided that defines a passage 925a for receiving the 
tubular support nrmmber 905 that Includes an L-shaped letaining member 92Sb et one 
end and ancrther end of the q)lit ring coltar 925 includes T-shaped slots. 925c, 925d, 
925e. 925f, 925g. and 925h. for mating with and receiving the T*shaped retaining 

25 members, 915ab, 920ab, 91 Sbb, 920bb, 915cb. and 920cb. of the expansion cone 
segments. 91Sa, 92aa. 915b, g20b, 915c and 920c, respectively. A tubular sleeve 930 
Is provMed that defines a passage 930a for receiving the tubular support nmnber 905 
and that also Includes a sfot 930b Ibr rsceiving and maflng wtth the L-shaped retaining 
member 925b of the split ring collar 925. 

30 During operatton of the assembly 900, as IBustrated In Figs. 18a. 18b. 18c and 

18d, in an unexpended posUon, the expanston cone segments, 915a, 915b, 91Sc 
915d, 920a, 920b. 920c and 920d are posHtoned sxljacent tothe base of the 
hexagomi conical tubular body 905bc of the expanston cone support flange 905b away 
from the end stop 910. In this manner, the (HJtsMe diameter of the expansion cone 

35 se^nents Is less than or equal to the maximum outskje diameter of the assembly. 
Furthennore, in the unexpended positton, the expansion cone segments, 915a. 915b, 



and 915c are positioned further away from the end stop 910 than the expansion cone 
segments, 9208, 9^, and 920c. 

As Ulustrated in Figs. 1 9 and 1 98. the assembly 900 may then be expanded by 
displadng the tubular sleeve 930 and the spitt ring a)l8r 925 in the axial direct 
towards ttie expansion cone segment support members 705bb. As a result, the 
e)«)8nsion cone segments. 915a. 915b. 915c 920a. 920b, 920c are driven up the 
hexagonal conical tubular body 905bc of the expansion cone support flange 905b until 
the expansion cone segments impact the end stop 910. in tWs manner, the outside 
diameter of the expansion segments. 915a, 915b, 915c 9208. 920b. and 920c is 
greater than the maximum diameter of the remaining components of the assembly 900. 
Furthermore, the conical outer surfaces. 915ac 915bc, 915cc 920ac 920bc and 
920CC and the conical outer surfaces, 915ad. 915bd. 915cd. 920ad. 920bd. and 920cd 
of the expansion cone segments. 915a. 915b. 915c 920a. 920b. and 920c. 
respectively, may now be used to radially expand a tubular member. In an exemplary 
embodiment, the outer conical surfaces, 915ac, 915bc. 915cc 920ac 920bc and 
920CC and the conical outer surfaces. 915ad. 91Sbd. 915cd, 920ad. 920bd, and 920od 
of the expansion cone segments. 015a. 915b, 91 5c. 920a, 920b. and 920c 
respecBveiy. In the expanded position of the assembly 900. provide a substantially 
continuous outer conical surfaces in the circumferentlal diredlon. Furtheftnora. note 
that In the expanded position of the assembly 900. the first set of expansion cone 
segments. 915a. 915b. and 915c are brought Into alignment with the second set of 

expansion cone segments. 020a, 920b, and 920c. 

The ttserrrijly 900 may then be returned to the unexpended portion by 

displacing the tubular sleeve 930 and the spit ring collar 925 In the axial direction away 
fiom the end slop 910. As a result, the expansion cone segments, 915a, 915b. 915c 
9208. 920b. and 920c are displaced away from the end top 91 0, down the conical 
hexagonal tubular member 905bc and thereby are returned to a position in which the 
outside diameter of the expanston cone segments Is less than or equal to the maximum 

diameter of the remaining components of the assembly 900. 

In several altemative embodiments, the assembly 900 is Incorporated Into the 
assemblies 200. 300. 400. and 800. 

Refentng to Fig. 20a. an embodiment of an expansion cone segment assembly 
1000 Includes inteiiocklng expansion cone segments, 1000a, 1000b. 1000c lOOOd, 
lOOOe. and lOOOT. 



Referring to Fig. ^b, an embodiment of an expansion cone segment assefT4>ly 
llOOIndudes interlocking expansion cone segments, 1100a. 1100b. 1100c 1100d. 
1100e.and1100f. 

Refening to Fig. 20c an embodiment of an expansion cone segment assembly 
5 1200 includes InterfcKldng expansion cone segments. 1200a, 1200b, 1200c, 1200d, 
1200e.and1200r. 

Referring to Fig. 20d, an embodiment of an expansion cone segment assembly 
1300 includes Inteiiocking expansion cone segments, 1300a, 1300b, 1300c 1300d, 
1300e,and1300r. 

10 Rsfening to Fig. 20e, an embodiment of an «(panslon cone segment assembly 

1400 includes Intertocking expansion cone segments, 1400a, 1400b, 1400c 1400d, 
1400e, and 1400f. 

Referring to F^. 20f. an embodiment of an expansion cone segment assembly 
1500 includes interlocking expanshm cone segments. 1500a. ISOOb. ISOOc iSOOd. 
15 150Ge,and1500f. 

Referring to Rg. 20g, an embodiment of an expansion cone segment assembly 
1600 includes interlocking expanskm cone segments. 1600a. 1600b. 1600c 1600d, 
1600e, andlBOOf. 

Refening to Fig. 20h, an embodiment of an expansion cone segment assembly 
20 1700 includes Interlockhg expansion cone segments. 1700a. 1700b. 1700c, 1700d, 
1700e. and 1700f. 

Refbnfng to Hg. 20i, an embodiment of an expansion cone segment assembly 
1800 includes Intertocking expenston cone segments, 1800a, 1800b, 1800c, 1800d, 
1800e. and ISOOf. 

K l^o^ng to ng.2()|, an embodiment of an expar»ion cone segment assemb^ 

1900 includes Interktcking expanston cone segments. 1900a, 1900b, 1900c 1900d, 
1900e.and1900r. 

Referring to Fig. 20k. an embodiment of an expanston cone segment assembly 
2000 includes intertocking SKpansion cone segments. 2000a. 2000b, 2000c 2000d, 
30 2000e.and2000f. 

Referring to Rg. 201, an embodiment of an expanskm cone segment assembly 
2100 includes interlocking expanshx) cone segments. 2100a. 2100b, 2100c 2100d. 
2l00e.and2100f. 

Referring to Fig. 20m, an embodiment of an expar«ton cone segment assembly 

35 2200 Includes InteriocWng expansion cone segmente, 2200a, 2200b, 2200c 2200d, 
2200ekand2200r. 



The expansion cone segment assemblies 1000. 1100. 12<X), 1300, 1400, 1500. 
1600. 1700. 1800, 1900. 2000, 2100, and 2200 provide enhanced operational 
propertlas such as. for example, efficient radial expan^on of expandable tubular 
members and durabllHy during operatton. 
5 In several alternative embodiments, the design and operational features of the 

apparatus 200. 300. 400. 500. 600. 700. 800, 900. 1000, 1 100. 1200. 1300. 1400. 
1500, 1600. 1700. 1800. 1900, 2000. 2100. and 2200 may be combined, in whole or in 
part, and/br the design and operational elements of the apparatus 200, 300, 400, 500, 
600. 700. 800. 900. 1000, 1100. 1200. 1300. 1400, 1500. 1600. 1700. 1800. 1900. 
10 2000, 2100. and 2200 may be interspersed among each other. 

In several altemative embodiments, the apparatus 200, 300, 400, 500. 600. 
700. 800. 900. and 1000. 1100. 1200, 1300. 1400, 1500, 1600, 1700. 1800. 1900. 
2000, 2100. and 2200 be used to foim or rapab* welbore casings, pipelines, or 
structural supports. 

15 In several dtemative embodiments, the apparatus 200, 300. 400. 500. 600. 

700. BOO. 900, 1000. 1100. 1200. 1300, 1400, 1500, 1600. 1700. 1800. 1900. 2000. 
2100. and 2200 indude two or more expansion cone segments that may be movably 
support and guided on a tapered expansion cone support body that may, for example, 
be conical, or may be a muiU-slded body. 

20 In several altemative embodintents. the design and operation of the apparatus 

200. 300. 400. 500. 600. 700. 800. 900. 1000. 1100. 1200, 1300. 1400. 1500, 1600, 
1700. 1 800. 1900, 2000. 2100, and 2200 are provided substantially as disdosed In one 
or more of the following: (1) U.S. patent appllcalion serial na 09/454.139. attorney 
docket no. 25791 .03.02, filed on 12/3/1999. (2) U.S. patent application serial no. 

25 09/510.913. attorney docket no. 25791.7.02. filed on 2/23/2000. (3) U.8. patent 

appUcation serial na 00/502.350. attorney docket no. 25791 .8.02. filed on 2/10/2000. 
(4) U.S. patent application serial no. 09/440.338, attorney docket no. 25791 .9.02. filed 
on 11/15/1999. (5) U.S. patent appiicatton serial no. 09/523.460. attorney docket na 
25791 .1 1.02. filed on 3/10/2000, (6) U.S. patent appllcalkm seiiai no. 09/512,895. 

30 attorney docket no. 25791.12.02. filed on 2/24/2000. (7) U.S. patent application serial 
no. 09^11,941. attonray docket no. 25791.16.02. filed on 2/24/2000. (8) U.S. patent 
application serial no. 09/588.946, attorney docket na 25791.17.02. filed on 6/7/2000. 
(9) U.S. patent appOcation serial no. 09/559.122, attorney docket no. 25791 .23.02. filed 
on 4/26/2000, (10) PCT patent apptkatkm serial no. PCT/USOO/18635. attorney docket 

35 no. 25791 .25.02. filed on 7/9/2000. (1 1 ) U.S. provisional patent appflcatfon serf^ no. 
60/162.671. attorney docket no. 25791.27, filed on 11/1/1999. (12) U.S. provisfonal 



patent appfication serial no. 60/154,047, attorney docket no. 25791.29. filed on 
9/16/1999, (13) U.S. provisional patent appHeatfon serial no. 60/159.082. attorney 
dodcet no. 25791.34, filed on 10/12/1999. (14) U.S. piovisional patent appOcation serial 
no. 60/159.039. attorney dodcet no. 25791.36. filed on 10/12/1999, (15) U.S. 

5 provisional patent applicatfon serial no. 60/159.033. attorney dodcet no. 25791 .37. filed 
on 10/12/1999. (16) U.S. provisional patent application serial no. 60/212.359, attorney 
dodcet no. 25791.38, filed on 6/19/2000. (17) U.S. provisional patent application serial 
no. 60/165.228, attorney dodcet no. 25791.39. filed on 11/12/1999. (18) U.S. 
provisional patent application serial na 60/221 .443. attorney docket no. 25791 .45, filed 

10 on 7/28/2000. (19) U.S. provisionai patent applteation serial no. 60/221 .645. ettomeijf 
docket no. 25791.46. filed on 7/28/2000. (20) U.S. provisional patent application serial 
no. 60/233.638. attorney docket na 25791 .47. filed on 9/1 8/2000. (21 ) U.S. provlstonai 
patent applieation serial no. 60/237.334, attorney docket no. 25791.48, filed on 
10/2/2000, (22) U.S. provisional patent appiicatk)n serial no. 60/270,007, attorney 

15 dodcet no. 25791.50. filed on 2/20/2001; and (23) U.S. provisionai patent appllcatktn 
serial no. 60/262,434, attorney dodcet no. 25791.51. filed on 1/17/2001; and (24) U.S. 
provisional patent application serial no. 60/259.486. attorney docket no. 25791.52. filed 
on 1/3/2001. the disdosurss of wtiich are Incorporated tierein by reference. 

Altiiough illustrative embodiments of tiie inventton have been shown and 

20 described, a wide range of modificaUon, changes and substitution Is contemplated in 
the foregoing disdosure. Accordingly, it is appropriate that the appended dalms be 
constnied broadly. 



Claims 

1 . A method of plaslically deforming and radially expanding an expandable tubular 
member using an apparatus comprising a tubular support member, an adjustable 
expansion device movably coupled to the tubular support menriber. and an actuator 
5 movably coupled to the tubular support member tor adjusting the acfiustable expansion 

device, comprising: 

coupling a first end of the expandable tubular member to a tubular stmcture; 

Inserting the apparatus Into the first end of the expandable tubular member in a 
fffstdirecOon; 

10 displacing the actuator of the apparatus in a second direction opposite to the 

first direction; 

applying a resilient biasing fbroe to the adjustable expansion device in the 
second direcllon: 

moving the actuator and the adjustable expansion device of the apparatus out 
15 ofa second end ofthe expandable tubular member. 

reinserting the actuator of the apparatus Into the second end of the expandable 
tubular member in the second direction; 

Increasing the outside diameter of the adjustable expansion device by 
displacing the actuator and the adjustable expansion device relative to the expandable 
20 Uvular member In the first directfon; and 

plastically defonning and radially expanding the expandable tubular member by 
moving the adjustable expansion device through the expandable tubular member m the 
second direction. 

25 Z Themelhodofclalm1.v>(hereindlsplaclngtheactuatorof1heappafatuslnthe 

second direction comprises: 

Impacting the actuator with the first end of the expandable tubular member. 

3. The method of daim 1. wherein displacing the actuator and the adjustable 
30 expansion device relative to the expandable tubular member m the first direction 

comprises: 

impacting the actuator with the second end of the expandable tubular member. 

4. The method of dalml. wherein moving the adjustable expansion device through 

35 the expandable tubular member comprises: 

pulling the adjustable expansion device through the expandable tubular 
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msmber. 

5. The method of daim 1 , further comprising: 

ftuididy sealing the interface l)etween the tutHdar support memt)er of the 
5 apparatus and the expandable tubular member; 

wherein moving the adQustable expansion device through the expanctebie 
tubular member comprises: 

injecting a pressurized fluid into the tubular support member. 

10 6. An apparatus for plasticaliy defbmmng and radially mpanding an expandable 
tubular member, comprising: 

a tubular support memben 

an adjustable expanston device movabiy coupled to the tubular support 
member, 

1 5 actuating means for actuating the adjustable expansion device; 

means for displacing the actuating means of the apparatus in a first directon; 
means for applying a resilient biasing force to the adjustable expansion device 
when the actuating means is displaced in the first direction; 

means for increasing the outside diameter of the adjustable expansion device 
20 by displadng the actuating means and the adjustable expansion device relative to the 
expandable tubular member In a second direction opposite to the first direction. 

7. The apparatus of daim 6, wherein the means for displadng the actuating means 
of the apparatus In the first direction comprises: 

25 means fbr impacting the actuating means. 

8. The apparatus of daim 6, wherein the means for displadng the actuating mrans 
and the adjustable expandon device relative to the expandable tubular member in the 
second direction comprises: 

30 means for impacting the actuating means. * 
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